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Dkxr  Sla: — 

It  seems  peculiarly  BppropmU  that  thU  toIuqu  should  be  deiUcatod  to 
you.  Knowing  the  pmincnt  CHWcm  in  whicii  jou  lire  held  in  tlio  cirolca  of 
XacDpeaa  Bcieuoc,  I  couDOt  doubt  that  tbo  disdnguiahed  autlion  of  Ibe  fol- 
lowing eeaays  would  cordiaDj  approve  ttiia  counoction  of  jour  name  with 
Otiir  introductioti  to  the  American  public. 

There  is,  besides,  a  fiirlher  rcasoo  for  this  in  that  large  coindilence  of 
purpose  Thioh  is  nuuiTest  in  their  hkboie  oail  jour  awn.  For  whilo  the  per- 
T»d!ng  dcugn  of  the  prescut  collccUon  ie  to  widen  the  raogc  of  tbongbt  by 
unlbLliDg  a  brooder  philosophy  of  tba  onergica  ofmilari!^  your  own  comprc- 
hen^re  course  of  research — bcgioning  with  on  eilended  eeriea  of  uperi- 
mcntal  investigationa  in  chemical  phjsica  and  physiotogT,  and  risiog  to  the 
eoDBidentlon  of  that  Bplcodld  problem,  the  bearing  of  science  upon  the  Qis- 
of  the  Intellectual  Dcvdopmcnt  of  Europe — hus  poweifiilly  contriinitcd 
nobtc  Mid  ;  that  of  derating  the  aim  and  cnlarf^ng  the  scope  of 
inquirj. 
I  ^odly  avail  myself  of  this  occasioo  to  say  bow  greatly  I  am  indebted 
ifdur  writing  in  wliich  aecm^te  and  profound  instruction  is  so  often  and 
[f  blended  with  the  cbanna  of  poetic  eioquanco.  Tliat  you  may  live 
loDg  to  ei^oy  your  well-won  honors,  and  to  oontributo  silll  fiirthcr  t«  the 
tohmphuit  adeance  of  scientific  truth,  is  the  heartfelt  wi^h  of 
ToDTB  truly, 

E.  L.  r. 
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£>  hb  address  before  tlio  Britisli  Association  fur  the  AdTSnctt* 
inent  of  Scleoca  lost  jear,  the  ProBidcnt  remurked  that  the  uei7 
Ticvs  of  tlia  Correlatioii  and  Oonsorration  of  Forces  constitate  the 
most  important  discover;  of  the  present  contmy.    The  remark  is 
I   probably  just,  proliHo  a»  has  been  this  period  in  groitd  scientifia  re- 
sults.   No  one  can  gbnod  tlirough  the  cturout  soientiGo  pablioor 
I  tions  irilbotit  pcrcciviDg  that  these  'news  are  attracting  the  pro- 
I  found  atttmtion  of  tlie  most  thonghtfnl  minds.    The  livdj  con- 
I  troTcrsy  that  hus  boen  carried  on  for  the  lost  two  or  three  years 
K  nspwting  the  share  that  difl'eront  men  of  different  conntries  bsTQ 
I  hod  in  their  establinhment,  sljlt  farther  attests  tiio  esUmato  placed 
upon  them  in  the  soientifio  world. 

Bat  little,  hoKcver,  has  been  published  in  this  conntry  upon  tlio 
sabject;  no  complete  work,  I  believe,  except  the  admirable  voliune 
i-of  Prof.  Tyndall  on  "  Heat  na  a  Mode  of  Motion,"  in  which  the 
w  philosophy  is  adopt«d,  and  applied  to  the  explanation  of  thor- 
il  plienomenn  in  a  very  clear  and  forcible  manner.    I  have,  there- 
re,  Ihooghl  it  would  be  a  nseful  eorrice  to  the  pnblic  to  reissoe 
0  of  the  ablest  preaenlations  of  these  views  wliicU  have  ap* 
I  Europe,  in  a  compact  and  convenient  form.    The  Bclec- 
Bflon  of  thcM  diacassions  has  been  determined  by  a  deaire  to  com- 
tkino  cloarness  of  exposition  with  Bothority  of  statement.    In  the 
I  first  of  these  respects  the  ossayH  will  speak  for  themselvei) ;  in  re- 
■  guil  to  the  last  I  may  remark  that  all  the  anthers  qnoted  stand 
I  Ugh  as  founders  of  tlio  new  theory  of  forces.    Although  I  am  not 
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aware  that  Prof.  Liebig  Las  made  anj  claims  in  this  direction,  yet 
it  can  scarcely  be  doubted  that  his  original  researches  in  Animal 
Chemistry  tended  strongly  toward  the  promotion  of  the  science  of 
vital  dynamics. 

The  work  of  Professor  Grove,  which  is  here  reprinted  in  full, 
has  a  high  European  reputation,  having  passed  to  the  fourth  edi- 
tion in  England,  and  been  translated  into  several  continental  lan- 
guages. It  is  hardly  to  the  credit  of  science  in  our  country,  that 
this  is  the  first  American  edition.  The  eloquent  and  interesting 
paper  of  Helmholtz,  though  delivered  as  a  popular  lecture,  was 
translated  for  the  Philosophical  Magazine,  and  has  been  very  highly 
appreciated  in  scientific  circles.  The  three  articles  of  Mayer, 
which  were  also  translated  for  the  Philosophical  Magazine,  will 
have  interest  not  only  because  of  the  great  ability  with  which  the 
subjects  are  treated,  but  as  emanating  from  a  man  who  stands  per- 
haps preeminent  among  the  explorers  in  this  new  tract  of  inquiry. 
The  researches  of  Faraday  in  this  field  have  been  conspicuous  and 
important,  and  his  argument  is  marked  by  the  depth  and  clearness 
which  characterize,  in  an  eminent  degree,  the  writings  of  this  ex- 
traordinary man.  The  essay  of  liebig  forms  a  chapter  in  the  last 
edition  of  his  invaluable  ^  Familiar  Letters  on  Chemistry,^  which 
has  not  been  republished  here ;  and,  as  it  touches  the  relation  of  the 
subject  to  organic  processes,  it  forms  a  fit  introduction  to  the  final 
article  of  the  series  by  Dr.  Carpenter,  on  the  "  Correlation  of  the 
Physical  and  Vital  Forces.^'  The  eminent  English  physiologist  has 
worked  out  this  branch  of  the  subject  independently,  and  the  pa- 
per quoted  gives  evidence  of  being  prepared  with  his  usual  care 
and  ability.  A  certain  amount  of  repetition  is  of  course  unavoida- 
ble in  snoh  a  collection,  yet  the  reader  will  find  much  less  of  this 
than  he  might  be  inclined  to  look  for,  as  each  writer,  in  elaborating 
the  subject,  has  stamped  it  with  his  own  originality. 

In  the  introduction  I  have  attempted  to  bring  forward  certain 
facts  in  the  history  of  these  discoveries,  in  which  we  as  Ameri- 
cans have  a  special  interest,  and  also  to  indicate  several  applications 
of  the  new  principles  which  are  not  treated  in  the  volume.  It 
seemed  best  to  confine  the  general  discussion  to  those  aspects  of  the 
subject  upon  which  most  thought  had  been  expended,  and  which 
may  bo  regarded  as  settled  among  advanced  scientific  men.  But 
there  are  other  applications  of  the  doctrine,  of  the  highest  interest, 
which  though  inoon^>lete  are  yet  certain,  and  these  will  be  found 


■ic'fly  noticed  in  tlio  intrpductory  oLservatioos — too  biiLfly,  1  feur, 
U>  be  aatisfttctory.  Those,  however,  wLo  dcaire  to  pursue  still 
fbrthor  this  broncli  of  the  inqnirj— the  correlation  of  the  vital, 
mental,  and  sodal  forces — ore  referred  to  the  laat  edition  of  Oor- 
jM-Btcr'a  " Principles  of  Human  Physiology;"  Morell's  " Ootlines 
of  Mental  Philosophy;  "  Laycock's  "  Correlationa  of  Conscioosnees 
and  Organization ;  "  Sir  J.  K.  Shnttle worth's  addresa  before  the 
Social  Science  Congress  of  ISOD,  on  the  "OorrcUtion  of  the  Moral 

^■nd  Physical  Forces;"  Hinton's  "Life  in  Natnre,"  and  "First 
Priuoiples  "  of  Herbert  Spencer's  new  system  of  Philosophy.  The 
first  and  last  of  these  works  are  the  only  one!i,  it  ia  bolicTed,  that 
bsTo  appeared  in  an  American  form,  and  the  last  is  mnch  the 
ablest  of  all;  I  was  chiefly  indebted  to  it  in  preparing  the  latter 
part  of  the  introdnction.  The  biographical  notices,  brief  and  im- 
peritct  as  they  nre,  it  is  hoped  may  eidiancc  the  reader's  interest 
f  In  the  volnme. 

I  have  been  epeciuUy  incited  to  procure  the  publication  of  a 

Bwork  of  this  kind,  by  the  Game  motive  that  has  impelled  me  to 

Wrilo  npon  the  suhject  elsewhere;  n  conviction  of  our  cdncational 

"n  this  direction.    The  treatment  of  a  vast  Hohject  like  this 

B  ordinary  school  tcjit-books,  ia  at  best  quite  too  limited  for  tlie 

»qiiireincQta  of  the  aolavc-mindcd  toucher ;  to  snch,  a  volnmo  like 

«  present  may  prove  invnlnaiile. 

Bnt  a  more  scrions  dilScnlty  is  that,  until  compelled  by  tlio  du- 
uids  of  intelligent  tcaobcrs,  tlie  compilers  of  school-books  will 

iows  entirely  by,  or  give  them  a  mere  hasty  and  careless 

notice,  vlxilo  continuing  to  incolcato  the  old  crroneocs  doctrines. 
And  thoa  it  ia  that  from  inveterate  habit,  or  intellectanl  elnggish- 
nesB,  or  a  shrewd  calculation  of  the  indifferenoe  of  teachers,  ont- 
vom  and  effete  ideas  contione  to  drag  through  school-books  for 
half  a  ceutnry  after  they  have  been  exploded  in  the  world  of  liv- 
ing Bcienoc.  Ho  who  continnes  to  teach  the  hypothesis  of  ealofiCf 
fidufica  the  preeent  truth  of  science  as  absolutely  as  bo  wonld  do 
in  teaching  the  hypothecs  of  pA^uf^ity  in  &ct,  the  reasons  of- 
Aired  for  pernsting  in  the  erroneoua  notions  of  the  materiality  of 
Iteat — convemence  of  teaching,  imsettledncss  of  the  new  vocabu- 
lary, &c,  are  precisely  those  that  wore  offered  for  clinging  to  phlo- 
ton,  and  r^eeting  the  Lavoiserian  chemistry  of  combustion, 
inceptions  hove  no  doubt  been  of  servioo,  but  hfith  were 
■uitional,  und  iiaving  done  their  work  they  become  hindranoM 
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instead  of  helps.  We  can  now  see  that  when  the  true  chemistry 
of  combustion  was  once  reached,  the  notion  of  phlogiston  was  of 
no  further  use,  and  if  retained  could  only  produce  confusion  and 
prevent  the  reception  of  correct  ideas.  So  with  caloric,  and  those 
false  conceptions  of  the  materiality  of  forces,  which  it  implies :  not 
only  are  they  errors,  but  the  ideas  they  involve  are  radically  in- 
compatible with  the  higher  truths  to  which  science  has  advanced 
so  that  while  the  errors  are  retained  the  truths  cannot  be  received. 

Nor  will  it  answer  merely  to  mention  the  new  views  while 
adopting  the  old,  on  the  plea  that  the  facts  are  tho  same  in  both 
cases.  The  facts  afe  very  far  from  being  the  same  in  both  cases.  It 
is  precisely  because  the  old  ideas  are  out  of  harmony  with  the  facts, 
and  can  no  longer  correctly  explcdn  and  express  them,  that  new  ideas 
are  sought  Was  not  phlogiston  abandoned  because  it  no  longer 
agreed  with  the  facts?  So  with  the  conception  of  the  materiality 
of  the  forces ;  it  contradicts  the  facts,  and  therefore,  for  scientific 
purposes,  can  no  longer  represent  them.  In  the  workshop  it  may 
perhaps  be  very  well  to  magnify  facts,  and  depreciate  their  theoreti- 
cal explanations,  but  not  in  the  school-room ;  the  business  is  here  not 
Ijiorking,  but  thinking.  It  is  the  aim  of  art  to  use  facts,  but  of  sci- 
«£6e  to  understand  them.  And  it  is  simply  because  science  goes 
•beyond  the  fact  to  its  explanation,  and  is  ever  striving  after  the 
highest  truth,  that  it  is  fitted  to  discipline  the  thinking  and  reason- 
ing faculties,  and  therefore  has  imperative  educational  claims. 

In  therefore  brin^g  forward  these  able  and  authoritative  ex- 
positions in  a  form  readily  accessible  to  teachers,  I  trust  I  am  not 
only  doing  them  a  helpful  service,  but  that  they  will  be  led  to  re- 
quire of  the  preparers  of  school-books  a  more  conscientious  per- 
formance of  their  tasks,  and  that  the  interests  of  sound  education 
will  be  thereby  promoted. 

VewYomm^  Oct,  i^ldu. 
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TnKBE  aro  many  who  deplore  what  they  regard  ns  tho  roateriol- 
Kjl&Dg  tendeocies  of  modom  science.  They  maiatain  that  this  pru- 
Klbnad  and  tnureasing  CDgrossment  of  the  niind  with  iDutcriol  oli- 
T  JmU  b  fatal  to  oil  refining  and  Hpiritualizing  influence.  The  cor- 
»ctDe«8  of  this  concIosioD  is  open  to  sorioDs  qucstioa :  indeed,  the 
Bldstory  of  scientiflo  thought  not  only  fnila  to  justify  it,  but  proTea 
nB>e  Kveree  to  be  tme.  It  shows  that  tbo  tendency  of  this  kind  of 
Kfequiry  b  ^jdr/rom  tho  materiol,  toteard  the  Bhstract,  tlio  ideal,  tha 
iritnaL 

We  may  appeal  to  the  oldest  and  most  developed  of  the  sciences 
(br  conflrmatioa  of  this  statemeDt  Tbe  earliest  explanations  of 
the  celestial  Tnovemonts  were  thoroughly  and  groBsl;  material,  and 
all  astronomic  progress  has  been  toward  more  ru&ned  and  ideal 
Tbe  hooTenly  bodies  were  at  first  thought  to  bo  supported 
lod  cnrritd  roand  in  their  courseit  by  solid  revolving  cryataUIae 
Kl^i^>u  to  vbiuh  tbej  were  attached.  This  notion  was  afterward 
Vjilaced  by  the  more  complex  and  mobile  mcehnnism  of  upicy- 
To  this  succeeded  the  hypothesis  of  Des  Cartes',  who  rejected 
a  claiosy  mechanical  eijilanalion  of  revolring  whcclwork,  and 
roposod  the  more  subtile  conception  of  ethereal  onrrenta,  which 
wtij  whirlcjl  aronod  in  vortices,  and  bore  along  tbe  heaveoly 
At  length  the  labors  of  aatroaomera,  torminatiDg  with 
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Newton,  struck  away  these  crude  devices,  and  substittted  the  action 
of  a  universal  immaterial  force.  The  course  of  astronomic  science 
has  thus  been  on  a  vast  scale  to  withdraw  attention  from  the  mate- 
rial and  senfflble,  and  to  fix  it  upon  the  invisible  and  supersensuons. 
It  has  shown  that  a  pure  principle  forms  the  inmiaterial  foundation 
of  the  universe.  From  the  baldest  materiality  we  rise  at  last  to  a 
truth  of  the  spiritual  worid,  of  so  exalted  an  order  that  it  has  been 
said  *  to  connect  the  mind  of  man  with  the  Spirit  of  Grod.' 

The  tendency  thus  illustrated  by  astronomy  is  characteristic  in 
a  marked  degree  of  all  modem  science.  Scientific  inquiries  are 
becoming  less  and  less  questions  of  matter,  and  more  and  more 
questions  of  force ;  material  ideas  are  giving  place  to  dynamical 
ideas.  WTiile  the  great  agencies  of  change  with  which  it  is  the 
business  of  science  to  deal— heat,  light,  electricity,  magnetism,  and 
affinity,  have  been  formerly  regarded  as  kinds  of  matter  '  impon- 
derable elements,'  in  distinction  from  other  material  elements, 
these  notions  must  now  be  regarded  as  outgrown  and  abandoned, 
and  in  their  place  we  have  an  order  of  purely  immaterial  forces. 

Toward  the  close  of  the  last  century  the  human  mind  reached 
the  great  principle  of  the  indcstructiblity  of  matter.  What  the 
intellectual  activity  of  ages  had  failed  to  establish  by  all  the  re- 
sources of  reasoning  and  philosophy,  was  accomplished  by  the  in- 
vention of  a  mechanical  implement,  the  balance  of  Lavoisier. 
When  nature  was  tested  in  the  chemist's  scale-pan,  it  was  first 
found  that  never  an  atom  is  created  or  destroyed ;  that  though 
matter  changes  form  with  protean  facility,  traversing  a  thousand 
cycles  of  change,  vanishing  and  reappearing  incessantly,  yet  it 
never  wears  out  or  lapses  into  nothing. 

The  present  age  will  be  memorable  in  the  history  of  science  for 
having  demonstrated  that  the  same  great  principle  applies  also  to 
forces,  and  for  the  establishment  of  a  new  philosophy  concerning 
their  nature  and  relations.  Ileat,  light^  electricity,  and  magnetism 
are  now  no  longer  regarded  as  substantive  and  independent  exist- 
enccs— subtile  fluids  with  peculiar  properties,  but  simply  as  modes 
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L  of  motion  in  ordinary  matter ;  fonns  of  energy  which  aro  cnpnblo 
I  i>f  mntoal  convereion,  Hoat  is  a  mode  of  enurgy  manifoatcd  by 
[  oertam  effects.  It  may  be'traDeformcd  into  electricity,  wliich  is 
I  another  form  of  forea  prodooing  different  offecta.  Or  the  process 
f  may  be  reversed :  the  electricity  disappearing  and  the  lieat  reap- 
I  pearing.  Agun,  mechaidcal  motion,  which  is  a  motion  of  niasacs, 
I  nay  be  transformed  into  lieat  or  elcetticity,  whicli  is  held  to  be  a 
motion  of  the  atoms  of  matter,  while,  by  a  reverse  process,  the  mo- 
,  Hon  of  atoms,  that  is,  heat  or  elootricitj,  may  be  turned  baets  aguin 
I  into  mechanical  motion.  Thus  a  portion  of  the  heut  generated  in 
a  locomotive  is  converted  into  the  motion  of  the  train,  while  by 
I  Qie  application  of  the  brakes  the  motion  of  the  train  is  changed 
[  back  again  into  the  heat  of  friction. 

ThcM  mutations  are  rigidly  sabject  to  the  laws  of  qnantity.  A 
L  pven  amoimtof  one  force  produces  a  definite  qnautity  of  another. 
I  ao  that  power  or  energy,  like  matter,  can  neither  be  created  nor 
I  destroyed ;  though  over  ehonging-form,  its  total  qnantity  in  tlie  nni- 
a  remains  constant  and  unoJterable.  Every  manifestation  of 
I  fbroo  most  have  come  from  a  preexisting  equivalent  force,  and  must 
I'give  rise  to  a  subsequont  and  eqnal  amount  of  some  other  force. 
I  Vben,  therefore,  a  force  or  effect  appears,  we  are  not  at  lilierty  to 
me  that  il  was  self-originnted,  or  camo  from  nothing;  when  it 
I  disappears  we  are  forbidden  to  conclnde  that  it  is  annihilated :  wo 
I  niQit  search  and  find  whence  it  come  and  whither  it  has  gone ;  that 
t  b,  what  prodaeed  it  and  what  effect  it  has  itself  prodncad.  Those 
I  rotations  among  the  modes  of  energy  are  currently  known  by  the 
I  phrases  Comlatiim  and  Contcmation  of  Force, 

The  present  condition  of  the  philosophy  of  forces  is  perfecUy 
I  jMirallcloil  by  tliot  of  the  phUoeophy  of  matter  toward  the  dose  of 
}  ihe  last  century.  So  long  us  it  was  admitted  liiat  matter  in  its 
ions  changes  may  be  orbited  or  destroyed,  chemical  progress 
I  vsa  imposaible.  li,  in  his  processes,  a  portion  of  the  material  dis- 
I  ■ppeonxl,  the  chemist  hod  a  ready  explanation — the  matter  woa 
I  imtnyed;  his  onalyus  was  llierefore  worthleea.    But  when  he 
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•tftrted  with  the  aadom  that  matter  ia  indestmctible,  all  disappear 
ance  of  material  during  hia  operadons  was  chargeable  to  thdr  im> 
perfection.  He  was  therefore  compeQed  to  improve  them — to  ao- 
oomit  in  his  result  tor  ererj  thousandth  of  a  grain  with  which  he 
commenced ;  and  as  a  conseqnence  of  this  inexorable  condition, 
analjtical  chemistry  advanced  to  a  high  perfection,  and  its  conse- 
quences to  the  world  are  incalcnlable.  Precisely  so  with  the  anal- 
ysis of  forces.  So  long  as  they  are  considered  capable  of  being 
created  and  destroyed,  the  quest  for  them  will  be  careless  and  the 
results  valueless.  But  the  moment  they  are  determined  to  be  in- 
destructible, the  investigator  becomes  bound  to  account  for  them ; 
all  problems  of  power  are  at  once  affected,  and  the  science  of  dy- 
namics enters  upon  a  new  era. 

The  views  here  briefly  stated  will  be  found  fuUy  and  variously 
elucidated  in  the  essays  of  the  present  volume ;  in  these  introduc- 
tory remarks  I  propose  to  offer  some  observations  on  their  history 
and  the  extended  scope  of  their  application. 

I  have  spoken  of  the  principles  of  Oorrolation  and  Conservation 
of  Forces  as  established;  it  may  be  well  to  state  the  sense  in  which 
this  is  to  be  taken.  They  have  been  accepted  by  the  leading  scien- 
tific minds  of  all  nations  with  remarkable  xmonimity ;  their  discus- 
sion forms  a  leading  element  in  scientific  literature,  while  they  oc- 
cupy the  thoughts  and  guide  the  investigations  of  the  most  philo- 
sophical inquirers.  But  while  science  holds  securely  her  new  pos- 
session OS  a  fundamental  principle,  its  various  phases  are  by  no 
means  completely  worked  out.  Not  only  has  there  been  too  little 
time  for  this,  even  if  the  views  were  far  less  important,  but  the 
questions  started  lie  at  the  foundation  of  all  branches  of  science, 
and  can  only  be  fhlly  elucidated  as  these  advance  in  their  dgyelop- 
ment.  The  now  doctrine  of  forces  is  now  in  much  the  same  con- 
dition as  was  the  new  astronomy  of  Copernicus.  It  is  not  with- 
out its  difficulties,  which  time  alone  must  be  trusted  to  remove ; 
implifies  so  many  problems,  clears  up  so  many  obsouritiesi 
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opens  80  extended  a  range  of  new  inyestigations,  and  contrasts  so 
strongly  with  the  complexities  and  incongmities  of  the  older  doc- 
trines, as  to  leave  little  liberty  of  choice  between  the  opposing  theo- 
ries. Not  only  does  the  reception  of  these  views  mark  a  signal  epoch  in 
the  progress  of  science,  bnt  from  their  comprehensive  bearings  and 
the  lominons  glimpses  which  they  open  into  the  most  elevated  re- 
gions of  speculative  inquiry,  they  have  a  profound  interest  for 
many  thinkers  who  give  little  attention  to  the  specialties  of  exact 
science. 

In  the  history  of  human  affairs  there  is  a  growing  conception 
of  the  action  of  general  causes  in  the  production  of  events,  and  a 
corresponding  conviction  that  the  part  played  by  individuals  has 
been  much  exaggerated,  and  is  far  less  controlling  and  permanent 
than  has  been  hitherto  supposed.  So  also  in  the  history  of  science 
it  is  now  acknowledged  that  the  progress  of  discovery  is  much 
more  independent  of  the  labors  of  particular  persons  than  has  been 
formerly  admitted.  Great  discoveries  belong  not  so  much  to  indi- 
viduals as  to  humanity;  they  are  less  inspirations  of  genius  than 
births  of  eras.  As  there  has  been  a  definite  intellectual  progress, 
thought  has  necessarily  been  limited  to  the  subjects  successively 
reached.  Many  minds  have  been  thus  occupied  at  the  some  time 
with  similar  ideas,  and  hence  the  simultaneous  discoveries  of  inde- 
pendent inquirers,  of  which  the  history  of  science  is  so  full.  Thus 
at  the  dose  of  tlie  sixteenth  century,  philosophers  had  entered 
upon  the  investigation  of  the  laws  of  motion,  and  accordingly  wo 
find  Galileo,  Benediti,  and  Piccolomini  proving  independently  tiiat 
all  bodies  fall  to  the  earth  with  equal  velocity,  whatever  their  size 
or  weight.  A  century  after,  when  science  had  advanced  to  the 
systematic  application  of  the  higher  mathematics  to  general  phys- 
ics, Newton  and  Leibnitz  discovered  independently  the  differential 
calculus.  A  hundred  years  later  questions  of  molecular  physics 
and  chemistry  were  reached,  and  oxygen  was  discovered  simulta- 
neously by  Priestley  and  Scheele,  and  the  composition  of  water  by 
Cavendish  and  Watt.    These  discoveries  were  made  because  the 


XVI  INTBODUCnON. 

periods  were  ripe  for  them,  and  we  cannot  donbt  that  if  those  who 
made  them  had  never  lived,  the  labors  of  others  wonld  have  speed 
ilj  attained  the  same  results.  The  discoverer  is,  therefore,  in  a 
great  degree,  bnt  the  monthpiece  of  his  time.  Some  discern  clearly 
what  is  dimly  shadowed  forth  to  many;  some  work  ont  the  results 
more  completely  than  others,  and  some  seize  the  coming  thought 
so  long  before  it  is  developed  in  the  general  consciousness,  that 
their  announcements  are  unappreciated  and  unheeded.  This  view 
by  no  means  robs  the  discoverer  of  his  honors,  but  it  enables  us  to 
place  upon  them  a  juster  estimate,  and  to  pass  a  more  enlightened 
judgment  upon  the  rival  claims  which  are  constantly  arising  in  the 
history  of  science. 

Probably  the  most  important  event  in  the  general  progress  of 
science  was  the  transition  from  the  speculative  to  the  experimental 
period.  The  ancients  were  prevented  from  creating  science  by  a 
false  intellectual  procedure.  They  believed  they  could  solve  all  the 
problems  of  tlie  universe  by  thought  alone.  The  modems  have 
found  that  for  this  purpose  meditation  is  futile  unless  accompanied 
by  observation  and  experiment.  Modem  science,  therefore,  took  its 
rise  in  a  change  of  method,  and  the  adoption  of  the  principle  that 
the  discovery  of  physical  tmth  consists  not  in  its  mere  logical  but 
in  its  experimental  establishment  It  is  now  an  axiom  that  not  he 
wlio  guesses,  though  he  guess  aright,  is  to  be  adjudged  the  trae  dis- 
coverer, but  he  who  demonstrates  the  new  truth,  and  thus  compels 
its  acceptance  into  the  body  of  valid  knowledge. 

Now  the  later  doctrines  of  the  constancy  and  relations  of  forces, 
and  tliat  heat  is  a  kind  of  motion  among  the  minuter  parts  of  mat- 
ter, have  had  their  twofold  phases  of  history,  corresponding  to  the 
two  methods  of  inquiry.  They  had  an  early  and  vague  recognition 
among  many  philosophers,  and  may  bo  traced  in  the  wrings  of 
Galileo,  Bacon,  Newton,  Locke,  Leibnitz,  Des  Cartes,  Bernoulli, 
Laplace,  and  others ;  but  they  were  held  by  these  thinkers  as  un- 
verified and  fmitless  speculations,  and  the  subject  awaited  the  gen- 
ius that  could  deal  with  it  according  to  the  more  effective  methods 
of  nifHlcrn  scicnoc. 
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It  was  this  conntiy,  widely  reproached  for  being  over-practical, 
which  produced  just  that  kind  of  working  ability  that  was  suited 
to  translate  this  profound  question  from  the  barren  to  the  fruitful 
field  of  inquiry.  It  is  a  matter  of  just  national  pride  that  the  two 
men  who  first  demonstrated  the  capital  propositions  of  pure  sci 
ence,  that  lightning  is  but  a  case  of  common  electricity,  and  that 
heat  is  but  a  mode  of  motion — ^who  first  converted  these  proposi- 
tions from  ooiyectures  of  fancy  to  facts  of  science,  were  not  only 
Americans  by  birth  and  education,  but  men  eminently  representa- 
tive of  the  peculiarities  of  American  character — Bei\jamin  Frank- 
lin and  Benjamin  Thompson,  afterwards  known  as  Count  Rumford. 
The^  latter  philosopher  is  less  known  than  the  former,  though  his 
services  to  science  and  society  were  probably  quite  as  great.  The 
prominence  which  his  name  now  occupies  in  connection  with  the 
new  views  of  heat,  and  the  relations  of  forces,  make  it  desirable  to 
glance  briefly  at  his  career. 

Benjamin  Thompson  was  bom  at  Wobum,  Mass.,  in  1753.  He 
received  the  rudiments  of  a  common  school  education ;  became  a 
merchant's  apprentice  at  twelve,  and  subsequently  taught  school. 
Having  a  strong  taste  for  mechanical  and  chemical  studies,  he  cul- 
tivated them  assiduously  during  his  leisure  time.  At  seventeen  he 
took  charge  of  an  academy  in  the  village  of  Rumford  (now  Con- 
cord), N.  H.,  and  in  1772  married  a  wealthy  widow,  by  whom  ho 
had  one  daughter.  At  the  outbreak  of  revolutionary  hostilities  he 
applied  for  a  commission  in  the  American  siJrvice,  was  charged 
with  toryism,  left  the  coxmtry  in  disgust,  and  went  to  England. 
His  talents  were  there  appreciated,  and  he  took  a  responsible  posi- 
tion under  the  government,  which  he  held  for  some  years. 

After  receiving  the  honor  of  knighthood  he  left  England  and 
entered  the  service  of  the  elector  of  Bavaria.  He  settled  in  Mu- 
nich in  1784^  and  was  appointed  aide-de-camp  and  chamberlain  to 
the  Prince.  The  labors  which  he  now  undertook  were  of  the  most 
eztensiye  and  laborious  character,  and  could  never  have  been  ac- 
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compllshcd  but  for  the  rigorous  habits  of  order  which  he  carried 
into  all  his  pnrsnits.  Ho  reorganized  the  entire  military  establish* 
mont  of  Bavaria,  introduced  not  only  a  simpler  code  of  tactics,  and 
a  new  system  of  order,  discipline,  and  economy  among  the  troops 
and  indnstrial  schools  for  the  soldiers'  children,  but  greatly  im- 
proved the  oonstraction  and  modes  of  manufacture  of  arms  and 
ordnance.  He  suppressed  the  system  of  beggary  which  had  grown 
into  a  recognized  profession  in  Bavaria,  and  become  an  enormoiu 
public  evil— K)ne  of  the  most  remarkable  social  reforms  on  record. 
Ho  also  devoted  himself  to  various  ameliorations,  such  as  improY- 
ing  the  construction  and  arrangement  of  the  dwellings  of  the  work- 
ing classes,  providing  for  them  a  better  education,  organizing  houses 
of  industry,  introducing  superior  breeds  of  horses  and  cattle,  and 
promoting  landscape-gardening,  which  he  did  by  converting  an  old 
abandoned  hunting-ground  near  Munich  into  a  park,  where,  after 
his  departure,  the  inhabitants  erected  a  monument  to  his  honor. 
For  these  services  Sir  Benjamin  Thompson  received  many  distinc- 
tions, and  among  others  was  made  Count  of  the  holy  Roman  Empire. 
On  receiving  this  dignity  he  chose  a  title  in  remembrance  of  the 
country  of  his  nativity,  and  was  thenceforth  known  as  Count  of 
Rumford. 

His  health  failing  from  excessive  labor  and  what  he  considered 
the  unfavorable  climate,  ho  came  back  to  England  in  1798,  and  had 
serious  thoughts  of  returning  to  the  United  States.  Having  re- 
ceived from  the  American  government  the  compliment  of  a  formal 
invitation  to  revisit  his  native  land,  ho  wrote  to  an  old  friend  re- 
questing him  to  look  out  for  a  "little  quiet  retreat"  for  himself 
and  daughter  in  the  vicinity  of  Boston.  This  intention,  however, 
failc<],  as  he  shortly  after  became  involved  in  the  enterprise  of 
founding  the  Royal  Institution  of  England. 

There  was  in  Rumford's  character  a  happy  combination  of  pi: 
Ijuitliropic  impulses,  executive  power  in  carrying  out  great  projecl 
and  versatility  of  talent  in  physical  research.  His  scientifio  invr 
tigalions  were  largely  guided  and  determined  by  his  philanthrr 
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IB  and  pablic  dntios.    His  intcreat  in  Uio  more  needy  clnsses  led 

a  to  the  nsndnoQa  stndf  of  the  pLyaicnl  witnta  of  niaiiklii(],  and 

e  best  methods  of  relieving  them ;   the  laws  and  domestic  mim- 

if  heat  accordingly  engaged  a  large  share  of  Lia  attention. 

■"'He  determined  the  amount  of  heat  oming  &om  the  combustion  of 

bdlSerent  kinds  of  faci,  hy  meima  of  a  colorimeter  of  his  own  in- 

l^witioD.    He  reconstructed  the  fireplace,  and  so  improved  the 

thods  of  heating  aportments  and  cooking  food  ea  to  produce  a 

I'fHring  in  the  precious  element,  varying  from  one-half  to  seven- 

jlhtbs  of  the  fuel  previously  consomed.    He  improved  the  con- 

I  itractioD  of  stoves,  cooling  ranges,  cool  ^at«3,  and  chimneys; 

ibowcd  that  the  non-condncting  power  of  cloth  is  due  to  the  air 

■inclosed  among  its  fibres,  and  first  pointed  out  that  mode  of  aclion 

f  hoat  called  conteetkn;  indeed  he  was  the  first  clearly  to  dis- 

■ffimiiuitd  between  tlie  tlireo  modes  of  propagation  of  heat — rndia- 

I,  cooduotioo,  and  convection.    He  determined  the  almost  por- 

vAct  non-oondncttng  properties  of  liqntdd,  investigated  the  produc- 

■  Hon  of  light,  and  invented  a  mode  of  measuring  it.    He  was  the 

)  apply  sl«am  generally  to  the  wanning  of  flaids  and  the 

nlioaryart;  be  experimented  npon  the  use  of  gunpowder,  the 

iDgth  of  matcriolB,  and  the  maximum  density  of  water,  und 

e  many  volnable  and  original  observations  upon  an  eitcnBivo 

a  of  sabjects, 

-  Prof.  James  D.  Forbes,  iu  his  able  Dissertation  on  the  recent 
9  of  the  Mathematioal  and  Fhyricol  Sciences,  in  the  last 
on  of  the  Eneyclopedia  Britounica,  ^ves  a  fall  acconnt  of  Hum- 
's contributions  to  science,  and  remarks: 

"All  Ramford'a  eiporimouts  were  made  with  admirable  preois- 

1,  and  recorded  with  cluborate  fidelity,  and  in  tbo  plainest  lan- 

Every  thing  with  blm  was  reduced  to  weight  and  meos- 

,  and  no  puns  were  spared  to  attain  the  best  results. 

"Rumford's  name  wiU  bo  over  connected  with  the  progress  of 

(Oience  in  England  by  two  circumstances:  first,  by  the  foundation 

of  B  perpetual  medal  and  prize  in  the  giit  of  the  coandl  of  the 
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Bojal  Society  of  London,  for  the  reward  of  discoveries  connected 
with  heat  and  light;  and  secondly,  by  the  establishment  in  1800  of 
the  Koyal  Institution  in  London,  destined,  primarily,  for  the  pro 
motion  of  original  discovery,  and,  secondarily,  for  the  diffoaon  of  a 
taste  for  science  among  the  educated  classes.  The  plan  was  con- 
ceived with  the  sagacity  which  characterized  Bumford,  and  its  sno- 
cess  has  been  greater  than  could  have  been  antidpated.  Davy  was 
there  brought  into  notice  by  Bnmford  himself^  and  furnished  with 
the  means  of  prosecuting  his  admirable  experiments.  He  and  Mr. 
Faraday  have  ^ven  to  that  institution  its  just  celebrity  with  little 
intermission  for  half  a  century.'' 

Leaving  England,  Rumford  took  up  his  residence  in  Frtmce,  and 
the  estimation  in  which  he  was  held  may  be  judged  of  by  the  &cl 
that  he  was  elected  one  of  the  eight  foreign  associates  of  the  Acad- 
emy of  Sciences. 

Count  Bumford  bequeathed  to  Harvard  University  the  fhnds 
for  endowing  its  professorship  of  the  Application  of  Science  to  the 
Art  of  Living,  and  instituted  a  prize  to  be  awarded  by  the  Ameri- 
can Academy  of  Sciences,  for  the  most  important  discoveries  and 
improvements  relating  to  heat  and  light  Li  1804  he  married  the 
widow  of  the  celebrated  chemist  Lavoisier,  and  with  her  retire^ 
to  the  villa  of  Auteuil,  the  residence  of  her  former  husband,  where 
he  died  in  1814. 

Having  thus  glanced  briefly  at  his  career,  I  now  pass  to  the  dis- 
covery upon  which  Count  Bumford's  fame  in  the  future  will  chiefly 
rest.  It  is  described  in  a  paper  published  in  the  transactions  of  the 
Royal  Society  for  1798. 

He  was  led  to  it  while  superintending  the  operations  of  the 
Munich  arsenal,  by  observing  the  largo  amount  of  heat  generated 
in  boring  brass  cannon.  Boflecting  upon  this,  he  proposed  to  him- 
self the  following  questions :  "  Whence  comes  the  heat  produced 
in  the  mechanical  operations  above  mentioned?  "  " Is  it  fumi8ho<4 
by  the  metallic  chips  which  are  separated  from  the  metal  ?  " 
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The  common  hypotheaia  affirmed  that  the  heat  produced  had 
been  latent  in  the  metal,  and  had  licen  forced  out  bf  condeiaattim 
«f  the  cliipB,  Bat  if  this  were  the  case  the  capacity  fur  beat  of  the 
parts  of  metal  bo  reduced  to  chips  ought  not  only  to  bo  changed, 
bat  the  chango  nndergone  by  them  should  be  sufficiently  ^cat  to 
account  for  ail  the  heat  produced.  With  a  fine  stew  Bumford  then 
ent  away  dices  of  the  nnheated  metal,  and  fonnd  that  they  bad  ex- 
attly  tJte  tame  eapacUyfnr  heat  a*  Ihe  metallic  chipt.  Ko  cbango 
in  this  respect  bad  occurred,  and  it  was  tlms  conclusively  proved 
that  the  bent  generated  could  not  have  been  held  latent  in  the 
chips,  Uavtng  settled  this  preliminary  point,  Romford  proceeds  to 
iih  principal  eiperiments. 

With  the  intuition  of  the  true  invcatigotor,  he  remarka  that 
"  very  int«reBting  philonoplnciU  experiments  may  often  be  made, 
ahuoet  withont  trouble  or  c:q>enBe,  by  means  of  loachioory  coa- 
trired  for  mere  mechanical  pnr|»osea  of  the  aria  and  manufactnres," 
Accordingly,  he  mounted  a  metallic  cylinder  weighing  11B.18 
pounds  aroirdupois,  in  a  horizontal  position.  At  one  end  there  woa 
a  cavity  three  and  a  half  inches  in  diameter,  and  into  this  was  in- 
trodnced  a  borer,  a  flat  piece  of  hardened  steel,  four  inches  long, 
0.63  inches  thick,  and  nearly  as  wide  as  the  cavity,  tlie  area  of  con- 
tact of  Uio  borer  with  tbe  cylinder  being  two  and  a  balf  inches. 
To  taeasore  the  beat  developed,  a  small  roond  hole  was  bored  in 
the  cylinder  near  the  bottom  of  the  cAvity,  for  tbe  inaertion  of  a 
■man  meroTuial  thermometer.  The  borer  was  pressed  ogninst  the 
baao  of  the  cavity  with  a  force  of  10,000  pounds,  and  tbe  cylinder 
made  to  rcTolve  hy  horae-power  at  the  rate  of  tl irty-two  times  per 
minute.  At  tbe  beginning  of  the  experiment  toe  temperature  of 
the  air  in  the  shade  and  also  in  Uie  cyhuder  was  60'F.  at  the  end 
of  thirty  minntes,  and  after  tbe  cylinder  had  made  OflO  revolatioas 
tL«  temperature  was  found  to  be  130  F. 

Having  taken  away  the  borer,  he  found  that  800  groins  of  me- 
tallic dost  had  been  cut  away.  "laitponMhle,"  hoBsohdma,  "that 
the  very  con^derable  quantity  of  heat  prodaced  in  this  experiment 
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quantity  whicli  actually  raised  the  temperature  of  upward  of 
118  pounds  of  gun  metal  at  least  TO"",  could  have  been  furnished  by 
BO  inconsiderable  a  quantity  of  metallio  dust,  and  this  merely  in 
consequence  of  a  change  in  the  capacity  for  heat! " 

To  measure  more  precisely  the  heat  produced,  he  next  sur- 
rounded his  cylinder  by  an  oblong  wooden  box  in  such  a  manner 
that  it  could  turn  water-tight  in  the  centre  of  the  box,  while  the 
borer  was  pressed  against  the  bottom.  The  box  was  filled  with 
water  until  the  entire  cylinder  was  covered,  and  the  apparatus  was 
set  in  action.  The  temperature  of  the  water  on  commencing  was 
60°.  He  remarks,  *^  The  result  of  this  beautiful  experiment  was 
very  striking,  and  the  pleasure  it  afforded  amply  repaid  me  for  all 
the  trouble  I  had  taken  in  contriving  and  arranging  the  complicated 
machinery  used  in  making  it.  The  cylinder  had  been  in  motion 
but  a  short  time  when  I  perceived,  by  putting  my  hand  into  the 
water  and  touching  the  outside  of  the  cylinder,  that  heat  was  gen- 
erated." 

As  the  work  continued  the  temperature  gradually  rose ;  at  two 
hours  and  twenty  minutes  from  the  beginning  of  the  operation,  the 
water  was  at  200'',  and  in  ten  minutes  more  it  actually  boiled  I 
Upon  this  result  Rumford  observes,  *^It  would  be  difficult  to  de- 
scribe the  surprise  and  astonishment  expressed  in  the  countenances 
of  the  bystanders,  on  seeing  so  large  a  quantity  of  water  heated 
and  actually  made  to  boil  without  any  fire.  Though  there  was 
nothing  that  could  be  considered  very  surprising  in  this  matter, 
yet  I  acknowledge  fairly  that  it  afforded  me  a  degree  of  childish 
pleasure  which,  were  I  ambitious  of  the  reputation  of  a  grave  phi- 
losopher, I  ought  most  certainly  rather  to  hide  than  to  discover." 

Rumford  estimated  the  total  heat  generated  as  sufficient  to  raise 
26.58  pounds  of  ice-cold  water  180%  or  to  its  boiling  point;  and  he 
adds,  ^*  from  the  results  of  these  computations,  it  appears  that  the 
quantity  of  heat  produced  equally  or  in  a  continuous  stream,  if  I 
may  use  the  expression,  by  the  friction  of  the  blunt  steel  borer 
against  the  bottom  of  the  hollow  metallic  cylinder,  was  greater 
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than  that  produced  in  the  combn«don  of  nine  wax  cRodles,  each 
fitree-qniirters  of  eui  inch  in  diamctinr,  oli  hanuDg  together  with 
iflleai-  bright  flames." 

"  Odo  horse  would  hnvo  been  eqnal  to  the  work  perfonnod, 

0  were  actuoUy  employed.  Ileal  muj  thus  be  produced 
Inerel;  by  tlio  atrougth  of  n  horee,  and  in  a  case  of  nowjssity  this 

night  be  need  in  cooking  viotnols.  But  no  clrcnm stances  cotild  ba 
mngined  in  which  this  method  of  producing  heat  coiJd  bo  ndTan- 
iBgeons,  for  more  heat  might  ho  obtained  by  nsing  the  fodder  ne- 
ary  for  the  snpport  of  the  horse,  ns  fuel. 
"By  meditating  on  tie  resnlts  of  all  these  experiments,  we  are 
Batnrally  brongbt  to  that  great  question  which  hoa  so  oflen  been 
the  sobjeet  of  apocnlation  omont;  philosophers,  namely,  What  is 
'lieatt  Is  tJiere  anch  a  thing  as  an  ignoous  fiuidl  Is  there  noy 
ifliinf;  that  with  propriety  caa  be  called  caloric  t 

"  We  bave  seen  that  a  very  conrnderable  quantity  of  heat  may 
•he  cxdted  by  the  fViction  of  two  motuUie  sarfuces,  and  g^ven  off  in 
a  ooiutant  stream  or  flax  in  all  direetian*,  without  intermption  or 
btermisdon,  and  withont  any  signs  of  dminutien  or  exhauttion. 
m  this  anlijoct  wo  ranat  not  forgot  that  motC  remark 
lAla  eireumttarux,  that  tho  source  of  the  heat  generated  by  friction 
D  these  QxperimeDts  appeared  evidently  to  be  itiexhauttHle.    (The 

1  Eomford's.)  It  b  hardly  necessary  to  add,  that  any 
Sling  which  any  inrulat-ed  body  or  system  of  bodies  can  continue 
to  furaish  vithout  limitation,  cannot  possibly  he  a  material  tab- 

;  and  it  appears  to  me  to  be  estremcly  difficolt,  if  not  qnite 
bnpoMible,  to  fonn  any  distinct  idea  of  any  tiling  capable  of  being 
ncit«d  and  communicated  in  thoso  experiments,  except  it  bo  iio< 
noy." 

No  one  can  read  tlie  remarkably  able  and  laoid  paper  from 

which  these  extracts  ore  taken,  without  being  struck  with  the  pcr- 

bot  dbtinctnoBS  with  which  the  problem  to  bo  solved  was  pre- 

Noted,  and  the  systematic  and  conclnrave  method  of  its  treatment. 

.  kqit  strictly  within  the  limits  of  le^tunate  inquiry,  which 
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no  man  can  define  better  than  lie  did.  '*I  am  very  far  firom  pre- 
tending to  know  how,  or  by  what  means  or  mechanical  contri- 
vances, that  particular  kind  of  motion  in  bodies,  which  has  been 
supposed  to  constitute  heat,  is  exerted,  continned,  and  propagated, 
and  I  shall  not  presume  to  trouble  the  Society  with  new  coi\]eo* 
tures.  But  althou^  the  mechanism  of  heat  should  in  part  be  one 
one  of  those  mysteries  of  nature,  which  are  beyond  the  reach  of 
human  intelligenoe,  this  ought  by  no  means  to  discourage  us,  or 
even  lessen  our  ardor  in  our  attempts  to  investigate  the  laws  of  its 
operations.  How  far  can  we  advance  in  any  of  the  paths  which 
science  has  opened  to  us,  before  we  find  ourselves  enveloped  in 
those  thick  mists,  which  on  every  side  bound  the  horizon  of  the 
human  intellect." 

Rumford^s  experiments  completely  annihilated  the  material  hy- 
pothesis  of  heat,  while  the  modem  doctrine  was  stated  in  explicit 
terms.  He  moreover  advanced  the  question  to  its  quantitative  and 
highest  stage,  proposing  to  find  the  numerical  relation  between 
mechanical  power  and  heat,  and  obtained  a  result  remarkably  near 
to  that  finally  established.  The  English  unit  of  force  is  the  foot- 
pound, that  is,  one  pound  falling  through  one  foot  of  space ;  the 
unit  of  heat  is  one  pound  of  water  heated  l"*  F.  Just  fifty  years 
subsequently  to  the  experiment  of  Rumford,  Dr.  J.  P.  Joule,*  of 
Manchester,  England,  after  a  most  delicate  and  elaborate  series  of 
experiments,  determined  that  772  units  of  force  produce  one  unit 
of  heat;  that  is,  772  pounds  falling  through  one  foot  produces  suf- 
ficient heat  to  rfdse  one  pound  of  water  1**  F.  This  law  is  known 
as  the  mechanical  equivalent  of  heat.  Now,  when  we  throw  Rum- 
ford^s  results  into  these  terms,  we  find  that  about  940  units  of  force 
produced  a  unit  of  heat,  and  that,  therefore,  on  a  largo  scale,  and 
at  the  very  first  trial,  he  come  within  twenty  per  cent,  of  the  true 

*  Jajus  pEnoorr  Jovui,  born  D«oeml)cr  24Ui,  1818,  at  Salford,  near  2kfanchester, 
England,  where  he  poraaed  the  oooupation  of  a  brewer.  Long  and  deeply  devoted 
totdentiflo  Inreatlgatlon,  he  beoame  a  member  of  the  Manchester  Philosophical  Bo- 
dity  In  1849^  and  of  the  Boyal  Bodety  of  London  In  1800. 


HUMMAET   OF  BUMFOKD  B   OLADtS. 


atatoment.  No  aooount  waa  taken  of  the  beat  lost  bj  radiation, 
which,  consideriDg  the  high  tcmperatnre  prodnoed,  and  the  di 
ti<A  of  the  experiment,  must  have' been  contiderablo ;  bo  that  ea 
Euniford  himself  noticed,  this  value  must  he  too  high.  Tlie  oar- 
Must  namericol  resolls  in  science  are  rarely  more  than  roogh  ap- 
proximntioDB,  jet  they  may  guide  to  the  establialuuent  of  great 
piinciples.  Certainly  no  one  coold  question  Dalton'a  claim  to  the 
discovery  of  the  law  of  definite  proportions,  because  of  the  inac- 
cnraoy  of  the  numhera  npon  which  he  first  rested  it. 

Ve  am  called  farther  to  note  that  Bmnford'a  ideas  npon  the 
general  subject  of  forces  were  far  in  advance  of  his  ago.  lie  saw 
the  relation  of  all  friction  to  heat,  and  snggOiStcd  that  of  Suida,  by 
churning  processes,  ae  a  means  of  producing  it — precisely  the 
inutLod  finally  employed  by  Juolo  in  establishing  iLe  mechanical 
e<j>nTalent  of  heaL  Ho  fartliormoro  regarded  nnimala  dyiuani- 
eally,  con^dering  their  force  as  the  derlvatiTe  of  their  food,  and 
therefore  as  not  created.  That  Kumford  held  these  views  in  the 
coQiprehensire  and  niatorod  aenao  in  wliich  they  ore  now  oiiter- 
tnjned  ia,  uf  course,  not  asserted.  The  advance  from  his  day  to 
otin  baa  been  proditpons.  Wliolo  sciences  have  been  created, 
which  afford  llie  most  boantifol  exemplifications  of  the  new  doc- 
trinca.  Those  doctrines  have  received  th<^  mbsequent  develop- 
ment in  varlltu  diroctiooa  by  many  minds,  bnt  we  may  bo  allowed 
to  qaoalioa  if  the  contributions  of  any  of  their  promoters  will  enr- 
poas,  if  indeed  Uiey  will  eqnal,  the  value  and  importance  which  wo 
to  the  first  great  experimental  step  in  the  new  direc- 


m 

jliation,      ^^| 


I 


mutt  aasign 
tion. 

The  claims  of  Bumford  may  be  sununarized  as  follows : 

I.  lie  was  the  man  who  Srst  touk  the  ignesUon  of  the  natnro 
of  heat  out  of  the  domain  of  m^itflphysics,  where  it  bail 
been  speculated  npon  since  the  time  of  Aristotle,  and 
placed  it  npon  the  true  ba^  of  jihysical  experiment. 

n.  Ho  first  proved  the  inanfilciency  of  the  current  eJiplanationa 


of  the  soorees  of  Tifli^  ^mA  ilaammtimadi  tie  ^kstr  of  rim 

prevailing  view  of  its  Tnatwhuity; 

lEL  He  tirst  estimated  rlio  .]Tiaiititanve  rolaooa  between,  the  ht^^ 
producod  hj  trictiDa  and  that  by  oombnstioxL. 

IV.  Hio  first  showed  the  t^namttr  "^  ^xm^  produced  bjr  a  de&iit» 
amount  of  T^4^^!^»"*^  work;  und  omred  at  a  ressit  ro- 
znarkabi J  near  the  dnaUj^  oflfiudiahad  law* 

y.  He  poiiitedQiztotiiiQr  methods  to  be  employed  hi  datffinmimg 
the  amonnt  of  heat  prodnced  by  the  espaulitnre  of  me* 
fihanical  power,  mstanciiu^  particixlacij  tha  igf»ntirt|i  of 
water,  or  odier  Ilqiiids,  oa  in  ohnrning. 

VL  He  rei^ardetl  the  power  of  iirimnlr^  as  due  to  thdr  food,  them 
toTQ  as  havini^  a  d^mite  sonrce  and  aut  created,  and  tiins 
applied  his  views  of  force  to  the  organic  woiid. 

yil.  Romford  was  the  finfc  to  demonstrate  the  qnantitatiTe  goih 
vertibilitj  of  tbBM  in  an  important  case,  and  tiie  first  to 
reach,  ezperimentallv,  the  fondamental  cunelo^on  tiiat  heat 
is  bnt  a  mode  of  motion. 


In  hi9  late  weak  Wfom.  leat,  Profl  TyndaTT,  after  quoting  eo- 
plomlj  from  BamfMRi piper,  remarks:  ^When  the%storj  of  the 
djnftTnical  theory  of  heat  is  written,  the  man  who  in  oppoation  to 
the  scientific  belief  of  his  time  conid  experiment,  and  reason  upon 
exporimeTit,  m  did  Ramford  ill  flie  investigation  here  referred  to, 
r»nnn(rt  bo  lightly  paAned  over,"  Had  other  English  writers  been 
(»qfinlly  Jn«t,  f  bi^ro  wonld  have  been  less  necessity  for  the  foregoing 
^ff»f^Mifl(lfl  of  f'nrnford'.«»  labrms  and  claims ;  but  there  has  been  a 
rnnfilf(««»f  dl«|Ffifi1flon  in  rftHonH  qnarters  to  obscnre  and  depreciate 
HiMti.  Mr.  Whowoll^  In  lii.i  liiMtory  of  the  Inductive  Sciences, 
f  nwiti  ♦ll^  milijH'f.  of  f  liorrnotlcB  without  mentioning  him.  An  era- 
liH'iif  fMllfiltiiruli  pnifoMor,  writing  rooontly  in  the  Philosophical 
ltlti(«,  titi(1t«r  (Itn  NinroMod  Inflntnee  of  *  patriotism,'  under- 
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lical  theory  of  boat  an  Eogliah  moniipolf, 
dne  to  Sir  Isaac  Newton,  Sir  Iluinphrj-  Davy,  and  Dr.  J,  P 
Jonle ;  while  an  alile  writer  in  a  late  number  of  tbe  North  British 
Review,  in  slcclcliing  the  historic  progress  of  the  new  views,  pubi 
Davy  forward  as  their  fonnder,  and  assigns  to  Bnmford  a  minor 
ud  snbseqnent  place. 

Sir  Uiimphry  Davy,  it  is  well  known,  early  rejected  tlio  calorio 
hypothesis.  In  1799,  at  the  age  of  twonty-one,  he  published  a 
tract  at  Bristol,  describing  soine  ingenious  esporiments  upon  the 
(Direct.  It  was  the  pablicatiun  of  this  pamphlet  which  bronght 
faim  to  Romford'a  notice,  and  resulted  in  his  snhsoquent  connection 
with  the  Royal  Institution,  But  Davy's  ideas  upon  the  qnesUon 
were  for  from  dear,  and  will  bear  no  comparison  with  those  of 
Enmford,  published  the  year  before.  Indeed  his  eologist  remarks: 
"  It  is  certain  that  even  Davy  himself  was  led  astray  in  his  argn- 
mcnt  by  using  the  hypothesis  of  change  of  capacity  as  the  basis 
of  his  reasoning,  and  that  ho  might  luge  been  met  sueoesaMly  by 
•ny  able  caloriat,  who,  thongh 
Bdght  have  been  willing  to  throw  overl 
easendal  tenets  of  his  school  of  phil< 
that  Davy  wrote  in  his  Chemioal 
oniise  of  the  phenomena  of  beat  th< 
eommnnication  are  precisely  tlie  same 
tion  of  motion."  When,  therefore,  wi 
pnbticution  was  sabsei^ueut  to  that  of  Rnmford's,  that  he  couQned 
himself  to  the  narrowest  point  oM^Ksubject,  the  simple  question 
of  the  ejdstenco  of  calorio;  ant^Hc  he  nowhere  gives  evidence 
of  baring  the  slightest  notion  of  the  qnantitativo  relation  between 
mechnnical  force  and  heat,  tbe  ftitility  of  tbe  claim  which  would 
make  him  the  experimental  fonnder  <|^io  dynamical  theory,  is 
■handuntly  apparent. 

The  Inquiries  opened  by  Kuniford  and  Davy  were  not  formally 
pursued  by  the  siicoeedluMUie ration.  Even  the  xiowerM  adhe- 
rion  of  Br.  Thomas  Yo^^|p«rbapa  the  greatest  mind  in  Kienoa 


lateriolity  of  heat, 

or  two  of  the  less 

naa  not  till  1813 

The  immediate 

id  the  laws  of  its 

remember  that  Davy's  first 


I 


XZVm  INTRODTTOHQN. 


0 


Binoe  Newton — ^failed  to  give  cnrrenoj  to  the  new  views.  But  the 
salient  and  impregnable  demonstration  of  Bnmford,  and  the  ingon- 
ions  experiments  of  Davy,  facts  which  conld  neither  be  evaded  nor 
harmonized  with  the  prevailing  errors,  were  not  without  influence. 
That  there  was  a  general,  though  unconscious  tendency  toward  a 
new  philosophy  of  forces,  in  the  early  inquiries  of  the  present  cen« 
tory,  is  shown  by  the  fact  that  various  scientific  men  of  different 
nations,  and  with  no  knowledge  of  each  other's  labors,  gave  ex- 
pression to  the  same  views  at  about  the  same  time.  Grove  and 
Joule  of  England,  l^yer  of  Germany,  and  Oolding  of  Denmark, 
announced  the  general  doctrine  of  the  mutual  relations  of  the  forces, 
with  more  or  less  explication,  about  1842,  and  Seguin  of  France, 
It  is  claimed,  a  little  earlier.  From  this  time  the  subject  was  dosely 
pursued,  and  the  names  of  Helmholtz,  Iloltzman,  Clausius,*  Faraday, 
Thompson,  Kankine,t  Tyndall,  Carpenter,  and  others  are  intimately 
associated  with  its  advancement.  In  this  country  Professors  Henry  % 
and  Leoonte  §  have  oontrib^sd  to  illustrate  the  organic  phase  of  the 
doctrine.  ^^m 

I  cannot  here  attempt  an  estimate  of  the  respective  shares 
which  these  men  havehad  in  constructing  the  new  theories;  the 
reader  will  gathei^^^Bhptimations  upon  this  point  from  the 
succeeding  essays^^^^^PRgn  periodicals,  both  scientific  and  lit- 
erary, show  that  thmRtion  is  being  thoroughly  dfbed,  and  mate- 
rials accumulating  for  the  future  history  of  the  subject.  The  para- 
mount claims  are,  however,  those  of  Joule,  Mayer,  and  Grove. 


*  Claubius,  BirDOXPH  Juliub  I^^^V^  '^'^^  \iarp.  at  Cuslin,  Fommeni,  Janiuuy 
t2, 1883.  He  became  FtofeMor  of  flRSophj  and  Physiee  In  the  Pol jteehnic  School 
at  Zurich  in  1806^  and  then  Prafesior  of  the  Zurich  TTntrenity  (1857).  He  was  after- 
wards teacher  of  Fhysica  and  ArtQlety  in  the  School  of  Berlin,  and  then  priyate 
teacher  of  the  TTniTersitj  of  thgtthMe. 

t  BAimms,  WxLUAM  JokMuloquobx  was  bom  at  Edinburgh,  July  6, 1820.  He 
Is  a  dTil  en^cer  in  Glasgow,  a  member  of  the  rhilosophlcal  Society  at  that  place, 
and  of  the  Boyal  Society  of  London. 

X  Bee  the  article  **  Meteorology,"  in  the  AgricidUiral  Beport  of  the  Patent  Office,  for 
1857. 

I  See  the  American  Journal  of  Bolenoe  for ! 
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Aocordiog  to  the  Ktriot  rule  of  science,  that  in  all  those  casoa 
irliere  experimental  proof  ia  possble,  ho  who  first  supplies  it  is  the 
truo  dlsoovcror,  Dr.  Jonli)  mnst  he  asi^ned  tbe  foremost  plooa 
among  the  raodorn  investigators  of  the  sobjeot.  He  dealt  with  the 
whole  qneaUon  upon  the  basis  of  experiineDt.  lie  labored  with 
grunt  pcrsererance  aotl  skill  to  determine  the  mechaniDBl  equivalent 
of  beat — the  comer-stone  of  the  edifice ;  and  in  accompliabbg  this 
result  in  18S0,Lem&7besaid  tohuveiDatnrcd  the  workof  Kumford, 
and  finall?  established  apoQ  an  eiperimentnl  basis  the  great  law  of 
tfaurmo-djnamics,  to  remain  a  demoustration  of  sdence  forever. 

Professor  Grove  has  also  worked  ont  the  subject  in  his  own  ia- 
dcpcndent  waj.  Combining  original  experimental  investigations 
of  great  acuteness,  w-ith  the  phllosoiihiu  employment  of  the  gea~ 
,  find  resnlts  of  science,  ho  was  the  first  to  give  complete  and  sjstem- 
stie  expression  to  the  new  views,  nia  able  work,  which  opens 
tbe  prewat  sorit«,  im  an  aiithoritatjvo  exposition,  and  an  ooknowl- 
sdged  oliMsia  apoo  the  subject 

Ag^n,  the  claims  of  Dr.  Mayer  to  an  eminent  and  enviable 

'  place  among  tho  pioneers  of  this  great  scientific  movement,  are  Tin- 

^oestionahle.    There  bus  evidontl/  been,  on  tho  part  of  some  Eng- 

.    gliiih  writers,  aa  unworthy  inclination  to  depreciate  his  meril«, 

vhich  lina  given  rise  to  n  sharp  and  WBTOldng  controversy.     The 

btcUectnal  righta  of  tlio  German  philoaophor  have,  however,  been 

duoisivul;  vindicated  by  the  chivolric  pen  of  Frof.  TyndoU ;   and  it 

I  b  to  the  pnblio  interest  thus  excited,  tliat  we  are  indebted  for  the 

I   tronslution  of  Mayer's  papers,  which  appear  in  tliis  volume.     Mayer 

I  £d  not  experiment  to  the  extent  of  Jonle  and  Grove,  yet  ho  well 

I  knew  its  importance,  and  made  such  investigations  as  hta  apparatus 

1  the  duties  of  a  laborious  profession  would  allow.    Yet  liia 

WB  were  not  therefore  mere  ingenious  and  probable  eonjectures. 

I  Master  of  the  results  of  modern  science,  and  of  the  mnthematioid 

uthods  of  dealing  witli  them,  possc!i±iing  a  broad  pbilosophio 

nd  an  extraordinary  mental  pertinacity.  Dr.  Mayor  entered 

»riy  niion  the  inquiry,  and  aot  oiriy  has  he  develoi>od  many  of  its 
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prime  applications  in  advanoe  of  any  other  thinker,  but  he  has 
done  his  work  under  circumstances  and  in  a  manner  which  awa- 
kens the  highest  admiration  for  his  genius.* 

An  eminent  authority  has  remarked  *  that  tl  ese  discoveries  open 
a  region  which  promises  possessions  richer  than  any  hitherto 
granted  to  the  intellect  of  man.'  Involving  as  they  do  a  revolution 
of  fundamental  ideas,  their  consequences  must  be  as  comprehen- 
sive as  the  range  of  human  thought.  A  principle  has  been  devel- 
oped of  all-pervading  application,  which  brings  the  diverse  and 
distant  branches  of  knowledge  into  more  intimate  and  harmonious 
alliance,  and  affords  a  profounder  insight  into  the  universal  order. 
Not  only  is  science  itself  deeply  affected  by  the  presentation  of  its 
questions,  in  new  and  suggestive  lights,  but  its  method  is  at  once 
made  universal.  There  is  a  crude  notion  in  many  minds,  that  it  is 
the  business  of  science  to  occupy  itself  merely  with  the  study  of 
matter.    When,  hitherto,  it  has  pressed  its  inquiries  into  the  higher 

*  Prof.  TTiidall  romarks:  ^*  Mayer  probably  had  not  the  means  of  making  cxperi> 
ments  himsell^  but  he  ransacked  the  records  of  experimental  science  for  his  data,  and 
thus  conferred  upon  his  writings  a  strength  which  mere  speeolatlon  can  ncTcr  possess. 
From  the  extracts  which  I  have  given,  the  reader  may  infer  his  strong  desire  for  qoan- 
titativo  accuracy,  the  cleamoss  of  his  insight,  and  the  firmness  of  his  grasp.  Begard« 
ing  the  recognition  which  will  be  nltimately  accorded  to  Dr.  Mayer,  a  shade  of  trouble 
or  doubt  has  never  crossed  my  mind.  Individuals  m«y  seek  to  pull  him  down,  but 
their  efforts  will  bo  unavailing  as  long  as  such  evidence  of  his  genius  exists,  and  as 
long  as  the  general  mind  of  humanity  is  influenced  by  considerations  of  Justice  and 
truth. 

**  The  paucity  of  fiicts  in  Mayer^s  time  has  been  urged  as  if  it  were  a  reproach  to 
him ;  but  it  ought  to  be  remembered  that  the  quantity  of  foct  necessary  to  a  generaliza- 
tion is  different  for  different  minds.  *  A  word  to  the  wise  is  sufficient  for  them,*  and 
a  single  Ikct  in  some  minds  bears  flruit  that  a  hundred  cannot  produce  in  others. 
Maycr^s  data  were  comparatively  scanty,  but  his  genius  went  f^  to  supply  the  lack  of 
experiment,  by  enabling  him  to  see  clearly  the  bearing  of  such  facts  as  ho  possessed. 
Thoy  enabled  him  to  think  out  the  law  of  conscn'atlon,  and  his  conclusions  roceivod 
the  stamp  of  certainty  trom.  the  subsequent  experimental  labors  of  Mr.  Joule.  In  ref- 
erence to  their  comparative  merits,  I  would  say  that  as  Seer  and  Generalizer,  Mayer, 
in  my  opinion,  stands  fir9t-*a«  experimental  phUdopJi^r^  JouW 
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a  of  life,  mind,  society,  histoiT,  imd  education,  the  trudil 
I  eostodians  of  these  salijectfl  Iimts  Wdden  it  keep  within  its  limita 
I  snd  stick  to  wiatCer.  But  science  is  not  to  be  liiuapered  by  this 
L  narrow  concoptiou ;  its  office  is  nothing  leas  than  to  investigate  the 
laws  and  nniversal  relationB  of  force,  enii  its  domain  is  therefore 
OoeiteDBive  with  the  diapkj  of  power.  Indeed,  as  we  know  notii- 
I  in^  of  matter,  except  throngh  its  munifestation  of  forces,  it  is  ob- 
(  that  the  atndy  of  matter  itaelf  is  at  last  resolved  into  the ' 
[  Btadv  of  forces.  The  establishment  of  a  new  philosophy  of  forces, 
I  therefore,  by  ila  vast  extension  of  the  scope  and  methods  of  sci- 
f  tSBoe,  oonstitntes  a  momentous  event  of  intellectaal  progress. 

The  discussions  of  the  prcaeot  volome  will  moke  follj  apparent 

ft.  do  ifflportance  of  the  new  doctrines  in  relation  to  physical  science, 

rlnit  tbeir  lugher  implications  are  bnt  partially  unfolded.    In  the  , 

I  oonclading  article  Dr.  Carpenter  Las  shown  the  applicability  of  the 

r  principle  of  correlation  to  vital  phenomenn.    His  argument  is  of 

■•  Interest,  not  only  beoanso  of  the  facts  and  priQciples  established, 

I  as  opening  an  inquiry  which  mnst  lead  to  !>till  larger  resolts: 

I  lor,  if  the  principle  be  found  operative  in  fundonjcntnl   organic 

prooosaes,  it  wiH  undoubtedly  be  traced  in  those  which  wo  higher; 

if  in  the  lower  sphere  of  life,  then  thronghoat  ttiat  qibere.    If  t}i«  '  ' 

ibrre*  ore  correlated  in  organic  growth  and  nutrition,  they  must  he 

in  organic  action;  and  thus  human  activity,  in  all  its  forms,  is 

brought  within  the  o|ieration  of  the  law.    As  a  creature  of  or- 

gnitio  nutrition,  borrowing  matter  and  force  from  the  outward 

world;  ss  a  tidng  of  feeling  and  sensibility,  of  intellectual  power 

Mid  mnltiform  activities,  man  must  bo  regarded  as  amenable  to  the  : 

great  Uw  that  forces  are  convertible  and  indestmctiblo ;  and  as  ' 

|>sycbo1ugy  and  sociology — the  science  of  mind  and  the  science  of 

■ocicty — have  to  deal  constantly  with  different  phases  and  forms 

vf  human  energy,  the  new  principle  must  be  of  the  profoondest 

Impcirt  in  relation  to  theso  great  subjects.  ( 

The  furcos  manifested  in  the  living  system  are  of  the  most 

and  unlike  character,  mechanical,  thermal,  luminons,  eleotrio, 
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chemical,  nervous,  sensory,  emotional,  and  intellectual.  That  these 
forces  are  perfectly  coordinated — that  there  is  some  definite  relation 
among  them  which  explains  the  marvellous  dynamic  unity  of  the 
living  organism,  does  not  admit  of  question.  That  this  relation  is 
of  the  same  nature  as  that  which  is  found  tc  exist  among  the 
purely  physical  forces,  and  which  is  expressed  hy  the  term  *  Correl- 
ation,' seems  also  ahundantly  evident.  From  the  great  complex- 
ity of  the  conditions,  the  same  exactness  will  not,  of  course,  he 
expected  here  as  in  the  inorganic  field,  but  this  is  one  of  the  neces- 
sary limitations  of  all  physiological  and  psychological  inquiry ;  thus 
qualified  the  proofs  of  the  correlation  of  the  nervous  and  mental 
forces  with  the  physical,  are  as  clear  and  decisive  as  those  for  the 
physical  forces  alone. 

If  a  current  of  electricity  is  passed  through  a  small  wire  it 
produces  heat,  while  if  heat  is  applied  to  a  certain  combination  of 
metals,  it  reproduces  a  current  of  electricity;  these  forces  are, 
therefore,  correlated.  A  current  of  electricity  passed  through  a 
small  portion  of  a  motor  or  sensory  nerve  will  excite  the  nerve 
force  in  the  remainder,  while,  on  the  other  hand,  as  is  shown  in  the 
case  of  the  torpedo,  the  nerve-force  may  generate  electricity. 
Nerve-force  may  produce  heat,  light,  electricity,  and,  as  we  con- 
stantly 'experience,  mechanical  power,  and  these  in  their  turn  may 
also  excite  nerve-force.  This  form  of  energy  is  therefore  clearly 
entitled  to  a  place  in  the  order  of  correlated  agencies. 

Ag(UD,  if  we  take  the  highest  form  of  mental  action,  viz. :  will- 
power, we  find  that  while  it  conmiands  the  movements  of  the  sys- 
tem, it  does  not  act  directly  upon  the  muscles,  but  upon  the  cerebral 
hemispheres  of  the  brain.  There  is  a  dynamic  chain  of  which 
voluntary  power  is  but  one  link.  The  wiU  is  a  power  which  excites 
nerve-force  in  the  brain,  which  again  excites  mechanical  power  in 
the  muscles.  Will-power  is  therefore  correlated  with  nerve-power 
In  the  same  manner  as  the  latter  is  with  muscular  power.  Dr. 
Carpenter  well  observes:  "It  is  difl5cult  to  see  that  the  dynamical 
agency  which  we  term  will  is  more  removed  from  nerve-force  on 
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e  one  hand  than  nerve-force  is  removed  from  motor  force  on  the 

Each,  in  (pnog  origin  to  the  next,  is  itself  expeudeil  or 

8  to  exJBt  a»  lueh,  and  ench  Leara,  in  ila  own  intensity,  a  pre- 

le  reUtion  to  that  of  its  antecedent  and  its  oonsoqaent."    We  huvie 

Ktere  onlj  space  briefly  to  trace  the  principle  in  its  application  to 

nsations,  motiona,  and  iDtcUectual  operations. 

The  phyacal  ogenuiea  acting  npon  iuauimate  objeota  in  (ho 

I  .•sctcmal  world,  change  tbeir  form  ant]  Btat«,  and  wo  regard  thoso 

I  ahang^»  us  trandbrmed  maDlfestationg  of  the  forces  in  actjon.     X 

ody  is  Leat^  bj  hanunering ;  the  heat  is  bnt  transrantod  mochani- 

I,m1  force;  or  a  hodj'  is  pat  in  motion  bf  heat,  a  certmn  qnuntity 

iMug  trangfurmed  into  mechanical  ciFect,  or  motion  of  Uio  maas. 

is  lield  that  no  force  con  arise  except  by  the  espcndituro 

a  prcfsisting  force.    Now,  the  living  system  is  acted,  npon  by 

3  agoncioB  and  under  the  some  kiw.    Irapressiona  made 

Q  tho  orgooa  of  sonso  give  rise  to  sensations,  and  we  have  the 

10  warrant  in  this,  as  in  the  formor  cose,  for  regarding  t>ie  effecU 

I  tronsforrnatiODS  of  the  forces  in  octiun.    If  the  change  of 

^Volocolor  state  in  a  melted  boily  represents  the  heat  transformed 

1  foslng  it,  so  tho  sensation  of  warmth  in  a  living  body  must 

Ifreaent  the  heat  transformed  in  prodaoing  it    The  impression  ou 

rutma,  as  well  as  that  on  the  jihotogrsplilo  tablet,  rcsolts  from 

a  tran^ronted  impnlsoa  of  hght.    And  thns  Improi^ons  mo'lu 

u  moment  to  moment  on  all  our  organs  of  sense,  ore  directly 

rehttul  with  external  physical  foroca.     This  correlation,  further- 

Oro,  is  qaantitatiTO  as  well  as  qualitative.     Nut  only  does  tho 

jlit-fbrce  produce  its  poculior  sonsations,  but  the  intensity  of  these 

lUona  corrcq)ondd  wilb  the  inteasitj  of  the  force;  not  only  is 

iDwpheric  vibration  tronamnted  into  the  sonso  of  sound,  but  the 

orgy  of  tho  vihrBti<m  determinoa  its  londnesa.      And  so  in  all 

ftor  case*;  the  qnantity  of  sensation  dcjienda  ujion  the  quantity 

k  the  force  acting  to  prodooe  iL 

.  Uoreover,  sensations  do  not  terminate  in  themsclvoB,  or  come 
bBOtbing;  they  produce  corimn  correlated  and  equiva]i>Qt  offeota. 


XXXIV  rNTEODUCnON. 

The  feelings  of  light,  heat,  sonnd,  odor,  taste,  pressure,  are  im- 
mediately  followed  by  physiological  effects,  as  secretion,  moscolai 
action,  &c.  Sensations  increase  the  contractions  of  the  heart,  and 
it  has  been  lately  maintained  that  every  sensation  contracts  the 
mnscolar  fibres  thronghont  the  whole  vascolar  system.  The  res- 
piratory mnsdes  also  respond  to  sensations ;  the  rate  of  breathing 
being  increased  by  both  pleasurable  and  painfnl  nerve-impressions. 
The  quantity  of  sensation,  moreover,  controls  the  quantity  of  emo- 
tion. Loud  sounds  produce  violent  starts,  disagreeable  tastes  cause 
wry  faces,  and  sharp  pains  give  rise  to  violent  struggles.  Even 
when  groans  and  cries  are  suppressed,  the  clenched  hands  and  set 
teeth  show  that  the  muscular  excitement  is  only  taking  another 
direction. 

Between  the  emotions  and  bodily  actions  the  correlation  and 
equivalence  are  also  equally  clear.  Moderate  actions,  like  moderate 
sensations,  excite  the  heart,  the  vascular  system,  and  tlie  glandular 
organs.  As  the  emotions  rise  in  strength,  however,  the  various 
systems  of  muscles  are  thrown  into  action ;  and  when  they  reach  a 
certain  pitch  of  intensity,  violent  convulsive  movements  ensue. 
Anger  frowns  and  stamps ;  grief  wrings  its  hands ;  joy  dances  and 
leaps — the  amount  of  sensation  determining  the  quantity  of  correla- 
tive movement. 

Dr.  Carpenter,  in  his  Physiology,  has  brought  forward  numerous 
exemplifications  of  this  principle  of  the  conversion  of  emotion  into 
movement,  as  seen  in  the  common  workings  of  human  nature. 
Most  persons  have  experienced  the  difficulty  of  sitting  still  under 
high  excitement  of  the  feelings,  and  also  the  relief  afforded  by 
walking  or  active  exercise ;  while,  on  the  other  hand,  repression  of 
the  movements  protracts  the  emotional  excitement  Many  irascible 
persons  get  relief  from  their  irritated  feelings  by  a  hearty  explosion 
of  oaths,  others  by  a  violent  slamming  of  the  door,  or  a  prolonged 
fit  of  grumbling.  Demorstrative  persons  habitually  expend  their 
feelings  in  action,  while  those  who  manifest  them  less  retiun  them 
loDger:  hence  the  former  are  more  weak  and  transient  in  their 
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meota  Ibaa  the  latter,  whose  unexpended  emotions  liecomo 

maneDt  elements  of  cbarecter.    For  the  snme  reason,  those  who 

d  and  vehement  in  their  lamentations  seldom  die  of  grief; 

ft  the  deep-eeated  emotiona  of  sorrow  which  otliers  cannot 

iH-k  off  in  violent  demonstrationa,  depress  the  organic  functions, 

d  often  wear  out  the  life. 

9  intellectoal  operations  are  also  tUrectly  correlated  with 

al  activities.    As  in  the  inorganic  world  we  know  notliing 

f  forces  except  aseiliibited  bjmatter,  so  in  the  higher  intellectual 

e  know  nothing  of  mind-foroe  except  throngh  iU  muterial 

lifeitations.      Menta!  operations  are  dcpoudcnt  npon  material 

1  Ibo  nervons  system;  and  it  may  now  he  regarded  as  a 

ttdamental  pliyuological  principle,  that  "no  idea  or  feeling  can 

ave  BB  tlie  residt  of  aome  physical  force  eipended  iu  j.ro- 

it."    The  directness  of  this  depoudenco  is  proved  by  tho 

It  any  distarbunee  of  the  train  of  carcbrid  trtmsformations 

istnrbs  mentality,  while  their  arrest  destroys  it.     And  here,  ohiO, 

e  correlation  is  qnantitativo.    Other  things  being  equul  there  is  a 

lation  between  the  aze  of  the  nerve  apparatus  and  tho  amonnt 

t  mental  action  of  which  it  is  capable.    Again,  it  is  dependent 

0  the  vigor  of  the  droulation ;  if  this  is  arrested  by  the  cessation 

It  the  heart's  notion,  total  nnoonscionaaess  reanlts ;  if  it  is  enfeebled, 

ion  is  low ;  while  if  it  is  quickened,  mentality  rises,  even 

B  deliriam,  when  the  cerebral  actiTity  becomca  oxcesaiTo.    Again, 

e  rate  of  bnun  activity  ia  dependent  npon  the  spoeiul  chemical 

gredicnts  of  the  blood,  oxygon  and  carbon.    Increase  of  oxygen 

gioents  cerebral  action,  while  increase  of  carbonic  acid  depresses 

The  degree  of  mentality  ia  also  dependent  npon  tho  plioaphatio 

titaents  of  tho  nervons  Bystcra.    Tho  proportion  of  phiraphorus 

e  brain  is  smallest  in  infancy,  idiocy,  and  old  age,  and  grt'atest 

(ring  the  prime  of  life ;  wliile  the  qnontity  of  nlkalinu  phosphates 

[cn-lod  by  the  kidneys  riaea  and  falls  with  the  varialions  of  mental 

)U*ity.    Tho  oqDivttlence  of  physical  agencies  and  mental  edect* 

U  fttrtljer  seen  in  tlie  oc^n  of  various  sabstances,  as  alcohol, 
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opium,  hashish,  nitroQS  oxide,  etc,  when  absorbed  into  the  hlood< 
Within  the  limits  of  their  peculiar  action  upon  the  nervous  oentresi 
the  effect  of  each  is  strictly  proportionate  to  the  qnantity  taken. 
There  is  a  constant  ratio  between  the  antecedents  and  conseqaehti. 

^'  How  this  metamorphosis  takes  place— how  &  force  existing 
as  motion,  heat,  or  light,  can  become  a  mode  of  oonsdonsness— 
how  it  is  possible  for  atrial  yibrations  to  generate  the  sensation 
we  caU  sound,  or  for  the  forces  liberated  by  chemical  changes  in  the 
brain,  to  g^ye  rise  to  emotion,  these  are  mysteries  which  it  is  im- 
possible to  fathom.  But  they  are  not  profounder  mysteries  than 
the  transformation  of  the  physical  forces  into  each  other.  Thoy 
are  not  more  completely  beyond  our  comprehension  than  the 
natures  of  mind  and  matter.  They  have  simply  the  same  insolii" 
bility  OS  all  other  ultimate  questions.  We  can  learn  nothing  more 
than  that  here  is  one  of  the  uniformities  in  the  order  of  phe- 
nomena." 

Tlie  law  of  correlation  being  thus  applicable  to  human  energj 
as  well  as  to  the  powers  of  nature,  it  must  also  apply  to  society, 
where  we  constantly  witness  the  conversion  offerees  on  a  compre- 
henrtive  scale.    The  powers  of  nature  are  transformed  into  the  aotiy* 
ities  of  society;  water-power,  ^dnd-power,  steam-power,  and  electri* 
cal -power  are  pressed  into  the  social  service,  reducing  human  laboTi 
multiplying  resources,  and  carrying  on  numberless  industrial  pro- 
cesses :  indeed,  the  conversion  of  these  forces  into  social  activities 
is  one  of  the  chief  triumphs  of  civilization.    The  universal  foroee 
of  heat  and  light  are  transformed  by  the  vegetable  kingdom  into 
the  vital  energy  of  organic  compounds,  and  then,  as  food,  are  again 
converted  into  human  beings  and  human  power.    The  very  exist- 
ence as  well  as  the  activity  of  society  are  obviously  dependent  npor 
the  operations  of  vegetable  growth.    When  that  is  abundant,  pop 
lati)n  may  become  dense,  and  socitd  activities  muxtifiEUious 
complicated,  while  a  scanty  vegetation  entails  sparse  popula 
and  enfeebled  social  action.     Any  universal  disturbance  of 
physical  forces,  as  excessive  rains  or  drouth,  by  reducing  th' 
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i  felt  throD^ont  the  entire  social  organism.  Where  this 
effact  is  marked,  and  not  conntcrocted  bj  free  oonjnraniuoljon  with 
more  fertile  regions,  tbe  menos  of  the  commnnitir  become  regtricted, 
bnnncss  declines,  mannCictures  are  redaced,  trade  slackciie,  travel 
fiills  off,  Inxnries  are  dimlnbhcd,  edacation  is  neglootud,  iiiiLrria(;es 
are  fewer,  and  a  iboassnd  kindred  rcsnlta  indicato  decUno  of  enter- 
prise and  depreanon  of  the  social  energies. 

In  a  djnamical  point  of  view  tbero  is  a  strict  analog  between 
the  individnal  and  the  aocia!  economies — the  same  law  of  force 
gorems  the  derelopment  of  both.  In  the  case  of  the  indiTidanl, 
the  amonnt  of  energy  which  he  possesses  at  Any  time  is  limited, 
and  when  ooosomed  for  one  purpose  it  cannot  of  course  he  had  for 
toother.  An  nndae  demand  in  one  direction  involves  a  corre- 
aptmdin^  dcSeiencj  elsetrhere.  For  example,  exccdsivo  nction  of 
tiie  digestiT*  ef  a(«m  exhausts  the  mnscnlor  and  cerebral  s^Btcms, 
triiile  exMwire  acdon  of  the  mnscular  system  is  at  the  ospKise  of 
the  cerebral  and  digestive  organs;  and  again,  excessive  action  of 
the  brain  deprcsace  the  digestive  and  mnscnlar  enerpi-s.  If  the 
ftind  of  power  in  the  growing  constitntions  of  children  is  overdrawn 
in  any  special  channel,  as  is  oflen  the  case  by  esocssive  stimnlation 
of  the  brain,  the  nndno  Rhstraetion  of  energy  from  otl^r  portions 
of  the  Bfst^m  ia  ewt  to  entail  some  form  of  phjsiologicot  disaster. 
So  with  the  sodal  organism ;  its  forces  being  limited,  there  is  bnt  a 
definite  omonot  of  power  to  be  consomed  in  the  rnriona  social 
octivJtiM.  Its  appropriation  in  one  waj  mates  impossible  its  cm- 
plojment  in  another,  and  it  can  only  gain  power  to  perform  ono 
fluicticin  hj  Uie  loss  of  it  in  other  (hrcctions.  This  fact,  that  social 
forco  cnnnot  bo  created  by  enactment,  and  that  when  dealing  with 
•  prodndng,  diatribnlinf.',  and  commerciiJ  activities  of  the  cuiii- 
islntion  can  do  littlo  more  than  interfere  with  their 
il  coarse,  deserves  to  be  more  thoronghlj  appreciated  by  the 


f  Bat  ths  law  in  qnestion  has  yet  higher  bearings.    Uore  and 
«  W«  are  perodving  that  the  oondlti<m  of  hamanity  and  the 
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BFENCEB  B  CONTBIBirnOK  TO  TBB  INQUIBr, 

D«(  tdenoe,  present  a  aeries  of  vast  and  complex  djiuunicol  problems, 
wLicli  are  to  be  studied  in  the  fature  in  the  light  of  the  great 
kw  b;  which,  we  have  reason  to  believe,  all  forms  and  pbasea  of 
furce  iia  goTeroed. 

A  ftirihcr  aspect  of  the  subject  remaias  still  to  he  noticed.  Mr. 
Ilerbert  Spencer  has  the  honor  of  crowning  this  subliiue  inquirj  by 
ibowiag  that  the  law  of  the  conservation,  or  as  ho  prefers  to  term  it 
the  '  Pereistence  of  Force,'  as  it  ia  the  nnderljing  principle  of  all  bo- 
ing,  \e  also  the  fundamental  tratb  of  all  philosophj.  With  masterly 
analjUe  skill  he  has  shown  that  this  principle  of  which  the  hnmoa 
mind  has  just  become  taily  consaiona,  is  itself  the  profonndo^t  law 
of  the  hoinaji  miod,  the  deepest  foantlation  of  eoDgcionsnesa,  He 
has  demonstrated  that  lie  law  of  Uio  Persistence  of  Force,  of  which 
tlie  most  piercing  intellects  of  past  timen  tiitd  but  piirtial  and  un- 
satisfying glimpses,  and  which  the  latest  scientific  research  has 
disclosed  as  a  great  principle  of  natnre,  has  a  yet  more  transcendent 
choracttir;  is,  in  fact,  an  d  priori  truth  of  the  Iiighest  order — a 
truth  which  ia  necessarily  involved  iu  our  mental  orgamzation ; 
which  iabruailer  than  any  poanblelndaction,  and  of  higher  validity 
Uian  any  other  truth  whatever.  This  principle,  wliich  is  at  once 
the  highest  result  of  scientifia  investigation  and  metaphysical 
analysis,  Mr.  Spencer  hos  mode  the  basis  of  his  now  and  compro- 
heusivo  System  of  Philosophy;  and  in  the  first  work  of  tlie  series, 
uititled  "First  Principles,"  ho  has  developed  the  doctrine  in  its 
brnodcst  philosophic  aspects.  The  lucid  reasoning  by  which  he 
reaches  his  conclusions  cannot  be  presented  hero ;  a  brief  eittraot 
or  two  will,  however,  serve  to  iodieate  the  important  place  assl^ed 
to  the  law  by  this  acute  and  profound  inquirer: 
^^^  "  Wo  might,  indeed,  be  certain,  oven  in  tho  absenco  of  any  such 
^^Hulyais  as  tho  foregoing,  that  there  must  exist  some  principle 
^^^^Uch,  as  being  tho  bo^s  of  science,  cannot  be  established  by  sci- 
•noa.  All  reasoned  out  conclusions  whatever  must  rest  on  some 
postolatA.  As  before  shown,  wo  cannot  go  on  merging  derivative 
trnlha  in  tbeu  wider  and  wider  truths  irom  which  they  are  do- 
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ri^ed,  without  reaching  at  last  a  widest  tmth  which  can  be  merged 
in  no  other,  or  derired  from  no  other.  And  whoever  contemplates 
the  relation  in  which  it  stands  to  the  tmths  of  science  in  general, 
will  see  that  this  tmth,  transcending  demonstration,  is  the  Persist- 
ence of  force."  *  *  * 

^'Such,  then,  is  the  fomidation  of  any  possible  system  of  pod-, 
tive  knowledge.  Deeper  than  demonstration— deeper  even  than 
definite  cognition— deep  as  the  very  nature  of  mind,  is  the  postu- 
late at  which  we  haye  arrivedL  Its  anthority  transcends  all  others 
whatever ;  for  not  only  is  it  g^ven  in  the  oonstitation  of  onr  own 
consdonsness,  bnt  it  is  impossible  to  imagine  a  consdonsness  so 
constituted  as  not  to  g^ve  it.  Thought,  involving  mmply  the  estab- 
lishment of  relations,  may  be  readily  conceived  to  go  on  while  yet 
these  relations  have  not  been  organized  into  the  abstracts  we  call 
space  and  time ;  and  so  there  is  a  conceivable  kind  of  consciousness 
which  does  not  contain  the  truths  commonly  called  d  priori,  in- 
volved in  the  organization  of  these  forms  of  relations.  But  thought 
cannot  be  conceived  to  go  on  without  some  element  between  which 
its  relations  maybe  established;  and  so  there  is  no  conceivable 
kind  of  consciousness  which  does  not  imply  continued  existence  as 
its  datum.  Consciousness  without  this  or  that  particular  form  is 
possible ;  but  consciousness  without  contents  is  impossible. 

<^  The  sole  truth  which  transcends  experience  by  underlying  it,  is 
thus  the  Persistence  of  force.  This  being  the  basis  of  experience, 
must  be  the  basis  of  any  scientific  organization  of  experiences.  To 
this  an  ultimate  analyds  brings  us  do¥m ;  and  on  this  a  rational 
synthesis  must  be  built  up." 

To  the  question,  What  then  is  the  value  of  experimental  inves- 
tigations upon  the  subject,  if  j;he  truth  sought  cannot  be  estab- 
lished by  inductions  from  them?  Mr.  Spencer  replies:  "They  are 
of  value  as  disclosing  the  many  particular  implications  which  the 
general  truth  does  not  specify ;  they  are  of  value  as  teaching  us  how 
much  of  one  mode  of  force  is  tiie  equivalent  of  so  much  of  another 
mode ;  thoy  are  of  value  as  determining  under  what  conditions  each 
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i  Mcura ;  and  thej  are  of  valne  us  leading  ua  to  in- 
qau-e  in  wliat  shape  tlio  roiunant  of  force  bus  escaped,  wben  the 
apparent  resnlu  ore  not  equiTalent  to  the  cause."  And  it  maj  be 
added,  tbnt  it  ia  to  these  InTeatigationa  that  wc  are  indebted  fur  the 
dear  and  comprehoasiTc  establishment  of  tlio  principle  aa  a  law  of 
jibjsical  nulnre;  psjeholo^uol  aaaljsis  having  on!;  Hhown  that  it 
erteoda  much  farther  than  it  ia  the  busiDesa  of  experimental  scieaos 


Thus  the  law  characterized  bj  Faraday  aa  the  highest  in  phys- 
ical Mdence  which  our  focoltiea  permit  na  to  perceive,  haa  a  tax 
more  extended  away ;  it  might  well  have  boon  proclaimed  the 
highest  law  of  all  ecionce— the  most  flir-renching  principle  tliut 
adventuring  reason  baa  discovered  in  the  nniverse.  Ita  stupendoua 
reach  spana  all  orders  of  existence.  Not  only  does  it  govern  the 
movcineDta  of  the  heavenly  bodies,  bnt  it  presides  over  the  gone^ 
of  the  constellations;  not  only  does  it  control  those  radiant  floods 
of  power  which  fill  the  eternal  spaces,  bathing,  warming,  illumining 
and  vivifying  our  planet,  bat  it  rnles  the  actions  and  relations  of 
men,  and  regulates  the  march  of  terrestrial  aSiurs.  Nor  is  its  do- 
minion liinited  to  physical  phenomena;  it  prevails  eqnally  in  the 
world  of  mind,  controlling  all  the  faculties  and  processes  of  thonght 
and  feeling.  The  stor-suna  of  the  remoter  gotaiics  dart  their  ra- 
diations across  the  nniverse ;  and  although  the  distances  are  so  pro- 
fouotl  that  hundreds  of  oentnries  may  have  been  required  to  traverse 
them,  the  impnlsea  of  force  enter  the  eye,  and  impressing  an  atomic 
change  upon  the  nerve,  give  origin  to  the  sense  of  sight  Star 
and  nerva-tiasne  are  ports  of  the  iame  system — stellar  and  nervoua 
furcea  are  correlated.  Nay  more ;  sensation  awakens  thought  nnd 
lUodiva  emotion,  ao  tliat  thia  wondrous  dypamio  chain  binds  into 

iog  unity  the  realms  of  matter  and  mind  through  meoanreless 

IpUtudcs  of  space  and  time. 

I  And  if  these  high  realities  are  bnt  faint  and  fitful  glimpses 
1  aeieLee  liua  obtained  iu  Uie  dim  dawn  of  discovery,  what 

pit  be  the  glories  of  the  coming  day)    IT  indeed  they  are  but 
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*  pebbles'  gathered  from  the  shores  of  the  great  ocean  of  trath, 
what  are  the  mysteries  stiU  hidden  in  the  bosom  of  the  mighty  un- 
explored ?  And  how  far  transcending  all  stretch  of  thought  that 
Unknown  and  Infinite  Cause  of  all  to  which  the  human  spirit  turna 
evermore  in  solenm  and  mysterious  worship  I 

It  remains  only  to  observe,  that  so  immense  a  step  in  the  pro- 
gress of  our  knowledge  of  natural  agencies  as  the  following  pages 
disclose,  cannot  be  without  effect  upon  the  intellectual  culture 
of  the  age.  To  the  adherents  of  that  scholastic  and  verbal  edu- 
cation which  prefers  words  to  things,  and  ancient  to  modem 
thought;  which  ignores  the  study  of  nature,  and  regards  the  pro- 
greiB  of  sdence  with  indifference  or  hostility,  it  matters  little  what 
views  of  the  world  are  entertained,  or  what  changes  these  views 
may  undergo.  But  there  is  another,  and  happily  an  increasing  dass, 
who  hold  that  it  is  the  true  destiny  of  mind  to  comprehend  the 
vast  order  of  existence  in  the  midst  of  which  it  is  placed,  and  that 
the  faculties  of  man  are  divinely  adapted  to  this  sublime  task ;  who 
see  that  the  laws  of  nature  must  be  understood  before  they  can  be 
obeyed,  and  that  only  through  this  understanding  can  man  rise  to 
the  mastery  of  its  powers,  and  bring  himself  into  final  harmony 
with  his  conditions.  These  will  recognize  that  the  discovery  of 
new  principles  which  expand,  and  elevate,  and  harmonize  our  views 
of  the  universe — which  involve  the  workings  of  the  mind  itself, 
open  a  new  chapter  in  philosophy,  and  touch  the  very  foundations 
of  knowledge,  cannot  be  without  a  determining  influence  upon  the 
future  course  and  development  of  thought,  and  the  spirit  and 
methods  of  its  acquisition. 
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WnxiAic  BoBEBT  Gboti,  an  EngUsh  lawyer  and  phymcisti  was  bom  at 
Bwaoaea,  July  14,  1811.  He  graduated  at  Oxford  in  1884,  and  during  the 
next  fire  years  was  Professor  of  Natural  Philosophy  at  the  London  Insti- 
tution. Professor  Grore  is  a  rare  example  of  the  ability  which  has  achiered 
a  distinguished  eminenbe  in  different  fields  of  eflbrt.  While  pursuing  with 
marked  success  the  profession  of  an  adyocate,  he  has  devoted  his  leisure  to 
original  tdsptiflo  researches,  and  obtained  a  high  distinction  botti  as  a  di^ 
corerer  and  a  philosophic  writer  upon  scientific  subjects.  In  1869  he  was 
made  Queen*s  Counsel,  and  afterwards  Vice-President  of  the  Royal  Society. 
He  is  the  Inrentor  of  the  powerful  galyanic  battery  known  by  his  name,  and 
his  chief  researches  hare  been  in  the  field  of  electricity.  Many  of  his  ex- 
perimental results  are  referred  to  in  the  following  pages,  which  will  also 
attest  Wa  high  position  among  the  founders  of  the  new  philoeof^y  of 
foroei. 


PREFACE 


THE  PhnflC  *  Correlation  of  Physical  Forcea '  ia  the  a 
wnich  I  bsLTe  hikhI  it,  having  become  recognized  bj  a  large 
number  of  mricntific  writpre,  it  would  prodaco  confu^on  were  I 
now  to  adopt  another  title.  It  would,  perhaps,  have  been  better 
if  I  bad  in  tho  first  instance  nsed  the  term  Co-rclatioa,  as  the 
words  'eoiTclafe,'  'coiTcIatiTe,'had  acquired  a  peculiar  metaphys- 
ical sense  somewhat  differing  from  that  which  I  attached  to  the 
■nbetaotiTi  correlation.  The  poBsagc  in  the  text  (p.  lS3j  explains 
the  meaning  I  bave  given  to  the  term. 

Twenty  years  iiaving  elapsed  sinee  I  promulgated  the  Tiews 
corntBinod  in  this  Essay,  which  were  first  advanced  in  a  lectnrc  at 
the  London  Institntion  in  January  1843,  and  anbseixucntly  more 
ftiUy  developed  in  a  courseof  lectures  in  1943,1  think  it  advisable 
to  add  a  little  to  the  Preface  with  reference  to  other  labourers  in 
the  fame  field. 

It  has  bajjpcued  with  this  subject  as  with  many  others,  that 
nmilat  ideas  hare  independently  presented  themselves  to  differ- 
ent mindfi  abont  the  same  period.  In  May  1843  a  paper  was 
pnblished  by  H.  Haycr  which  I  hod  not  read  when  my  last  edition 
was  pabliihed,  and  indeed  only  now  know  imperfectly  by  tho 
tivA-voee  translation  of  a  friend.  It  deduces  very  moch  the  same 
concluffioos  to  which  I  hail  been  led,  tho  author  starting  partly 
Crom  4  priori  reasoning  and  partly  from  an  experiment  by  whieli 
water  waa  heated  by  notation,  and  !io\a  another,  which  had,  how- 
ever, previously  been  made  by  Davy,  viz.  that  ico  can  bo  melted 
by  friction,  though  kept  in  a  medium  which  is  betow  tho  freering 
pobt  of  water. 

In  1843  a  paper  by  Mr.  Joule  on  the  merhanicnl  equivalent  rif 
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heat  appeared,  which,  though  not  in  terms  touching  on  the  mntoal 
and  necessary  dependence  of  all  the  Physical  Forces,  yet  bears 
most  importantly  npon  the  doctrine. 

While  my  third  edition  was  going  through  the  press  I  had 
the  good  fortune  to  make  the  acquaintance  of  M.  Seguin,  who 
informed  me  that  his  uncle,  the  eminent  Montgolfier,  had  long 
entertained  the  idea  that  force  was  indestructible,  though,  with 
the  exception  of  one  sentence,  in  his  paper  on  the  hydraulic  ram, 
and  where  he  is  apparently  speaking  of  mechanical  force,  he  has 
left  nothing  in  print  on  the  subject.  Not  so,  however,  M.  Seguin 
himself,  who  in  1889,  in  a  work  on  the  '  Influence  of  Railroads,* 
has  distinctly  expressed  his  nucleus  and  his  own  .views  on  the 
identity  of  heat  and  mechanical  force,  and  has  ^ven  a  calculation 
of  their  equivalent  relation,  which  is  not  far  from  the  more  recent 
numerical  results  of  Mayer,  Joule,  and  others. 

Several  of  the  great  mathematicians  of  a  much  earlier  period 
advocated  the  idea  of  what  they  termed  the  Conservation  of  Force, 
but  although  they  considered  that  a  body  in  motion  would  so 
continue  for  ever,  unless  arrested  by  the  impact  of  another  body, 
and,  indeed,  in  the  latter  case,  would,  if  elastic,  still  continue  to 
move  (though  deflected  from  its  course)  with  a  force  proportion- 
ate to  its  elasticity,  yet  with  inelastic  bodies  the  general,  and,  as 
far  as  I  am  aware,  the  universal  belief  was,  that  the  motion  was 
arrested  and  the  force  annihilated.  Montgolfier  went  a  step  far- 
ther, and  his  hydraulic  ram  was  to  him  a  proof  of  the  truth  of 
his  preconceived  idea,  that  the  shock  or  impact  of  bodies  left  the 
mechanical  force  undestroyed. 

Previously,  however,  to  the  discoveries  of  the  voltaic  battery, 
electro-magnetism,  thermo-electricity,  and  photography,  it  was 
impossible  for  any  mind  to  perceive  what,  in  the  greater  number 
of  cases,  became  of  the  force  which  was  apparently  lost  The 
phenomena  of  heat,  known  from  the  earliest  times,  would  have 
been  a  mode  of  accounting  for  the  resulting  force  in  many  cases 
where  motion  was  arrested,  and  we  find  Bacon  announcing  a 
theory  that  motion  was  the  form,  as  he  quaintly  termed  it,  of 
heat.  Rumford  and  Davy  adopted  this  view,  the  former  with  a 
fair  approximate  attempt  at  numerical  calculation,  but  no  one  of 
these  philosophers  seems  to  have  connected  it  with  the  inde- 
structibility of  force.    A  passage  in  the  writings  of  Dr.  Roget, 


combiiting  the  iheorf  thst  mere  contact  of  diaidi  liliir  botlips  waa 
rce  of  ToltMC  electricity,  pMloaopliically  supports  his  argn.- 
I  jnent  by  tlio  idea  of  non-cteatiou  of  force. 

As  I  hare  introduced  into  the  later  editions  of  my  'Essny  ob- 
I'ftr.icts  of  tlie  different  discoTcriea  which  I  have  found,  since  my 
it  lectures,  to  bear  upon  the  subject,  I  liavo  been  regarded  by 
I  aniuij  rather  as  the  historian  of  the  progress  made  in  this  branch 
f  of  thought  than  as  one  who  has  had  anything  to  do  with  its  ini- 
Evoryone  is  but  a  poor  judge  where  he  is  himself  inter- 
cett;d,  and  I  therefore  write  with  diffidence,  but  it  would  be  affect- 
ing an  indifference  which  I  do  not  feel  if  I  did  not  state  that  I 
Iteliere  myself  to  have  been  the  first  who  introduced  thia  subject 
a  generalised  system  of  philosophy,  and  continued  to  enforce 
^U  in  my  lecturea  and  writings  for  many  years,  during  which  it 
et  with  the  opposition  usual  and  proper  to  novel  ideas. 
AvDCfttiona  necessary  to  the  well-being  of  others  have  prevent- 
I  ed  my  following  it  up  experimentally,  to  the  extent  that  I  once 
I  Jioped ;  bat  I  trust  and  believe  that  this  Essay,  imperfect  though 
1  it  be,  has  helped  ranterially  to  impress  oa  that  iwrtion  of  the 
lublic  which  devotes  its  attention  rather  to  the  philosophy  of 
«  than  to  what  is  now  termed  science,  the  truth  of  the  thetus 
I  •dvoeoted. 

To  show  that  the  work  of  to-day  is  not  substantiolly  different 
f  from  the  thoughts  I  Snt  published  on  the  subject,  at  a  period 
}  when  I  knew  little  or  notliing  of  what  had  been  thought  before, 
f  1  Tcntnre  to  give  a  few  extracts  from  the  printed  copy  of  my 
I  torture  of  1842  :— 

FbjticU  Science  treats  of  Hatter,  and  nhat  I  shtLll  to-night  term  Its 
I  Affftvma;  Domiily,  AttrscUon,  MoUoo,  Heat,  L^ht,  Bectricitj',  MuRnot- 
1  Ian,  Cbcndcd-Affiiiily.  Whca  these  redact  upon  matter,  they  eoneUtQle 
I  yonwe,  The  present  teadencj  of  Ibeocy  gecms  to  lead  to  the  opinion  that 
I  ^  these  ASections  are  reeolTaUe  into  one,  namely,  Uotion;  hawcTor, 
\  riieuM  ths  theories  on  these  stiltJKla  be  ultimaloly  so  cCToctuall;  genec- 
I  to  beoome  laws,  they  cKonot  aToid  the  nrcpssity  for  relnining  lUf. 
.  unea  fcir  these  diifcrciit  AfiboUoiu ;  or,  «a  tbcy  would  then  be  c^lod, 

r  AObmit  modes  of  Uotloo.    .... 

k  (Emted  proved  ttmi  Electricity  and  Uafnietism  arc  two  forces  which  act 
r  ^wn  each  ether;  not  in  etnught  tines,  as  iill  other  known  fonvs  do,  but  in 
I  'K  rectangular  (hreclion :  that  la,  that  bodies  inretxcd  with  clectridtr,  or  the 
I  cmduita  of  an  electric^arreat,  tend  to  place  magnets  at  right  sugles  to 
I  ttem ;  uiH,  eoDierscly,  thnt  mogneta  tisul  to  place  bodies  conducting  oleo- 
I  uidly  at  ri^t  angles  to  them.    .... 


« 


Mi^ntiUSBu  :iomled  philoBopliiaa  to  sek  tfas  cuu-fiaaB  dbet;  tbat  itt,  te 
eiinee  ELectikxtT  tzom  i  pKaBuusiE  Ji^iMft: — faad  duss  eacperiiiienlafirti 
suctTMUtiU.  la  'brtr  ^spectaauB  at  Ti»inng  ^  iiMiiwiiy  Tiigni't  a  jomee  of 
o)iectnl^^*«l^r«IUA»  riiej  ^nKiid  jKre  reailaed  cfae  aoeiaic  dreBBS  of  pcrpeCiuI 
oiirduB^  they  ivuuiii  Imre  ouomted  ^satics  iino  ^JYimrnkm,.  tbir  vooid  \ua% 
pnMuceu  powvr  whhuac  ^^ixpcmixtore :  in  atfaer  wiHdai  they  waaU  have  be^ 
•>>iitt!  creaiA)n«»  Thvy  &ili±d«  and  Facadnr  anr  disr  <aiUL;  he  proved  tial 
to  outtin  QiH:tni3tT  dtm  MaaieagaDi  is  was  twijmii.p  to  anpasidd  to  this 
liiiicr,  3ift>ut>a;  cbat  saipua  ^rfaii^  in.  moaan.  TTuhiiyti  deetzuatj  ia  em* 
tu^uuu;}  cijndut:(or» :  aod  :ii:u  the  <&eeCBHi  of  soch  ekeide-ciiReBtB  wm 
tauftfiiiiid  to  tbtf  polar  dtrevtion ot  das  aiagnet:  dafi  la Dynanue^Jeuliidij 
luay  be  3Mde  um  joun:^  oc  3b|aietBfla  and  Sudan,  ao  Ma|Uiedgit^c<a9ninfd 
with  Motiou  may  tw  made  dw  ionrce  «)t*  Eketnoty.  Hoe  angnmttw  die 
Scicuce  ot'  Mafj:iKU>^It^:incitT,  die  titxe  conrcne  of  Slectro-magnetiaBi ; 
;iihi  diu:i^  Ix'iweea  Elt^'incity  :uid  Xacsxedsn  ta  :^u7wn.  so  esiat  a  reciprocity 
ot*  tuiw  5uch  diac,  con:«idennf;  laihiir  aa  die  pmnazy  aceofi*  die  other  be> 
cutu«»  die  re-4^§iiyikt :  Tiewiiijc  one  in  die  loadun  of  caofle,  die  other  is  the 
edect.    .... 

Tbe  ^Htence  of  Thermo-EIeetzicttT  eonneeted  heas  widi  efettiidtfy  and 
proved  diebe»  like  ;dl  odier  aatmal  tuxveo,  to  be  capable  of  mntaal  reae- 

UUIL      .... 

Voltaic  aedoQ  I5  Cbemictd  action  raking  place  at  a  <fiatance  or  tnns- 
terred  through  a  chain  ot*  media :  and  die  Daltonian  eqiBTalent  nnmbers 
iuv  die  ea4)onencs  of  die  ;imottnt  of  Toltaic  aistkin  Ibr  cocxcspomiing  diemi- 
cjJ  :>ubs>tauces^      .     .     . 

By  regarding:  die  .luamdty  of  elevmeal,  as  (fireedy  prcpcrtional  to  the 
eificieuC  chemical  action,  :uid  by  experimentally  tracing  this  princqile,  I 
have  been  tbnuiiau}  euotu^ii  to  Increazie  the  power  of  the  ToUai(>pQe 
more  diau  si:Lteen  timeSy  as  compared  widi  any  combination  prerioosly 
knowxL      .... 

I  am  :j«rongty  ili^po^ed  to  consstder  that  the  fiurts  of  Catalysis  depend 
apon  Toltaic  acdoou  to  ^nxerace  which  three  heterogeneous  sobetances  are 
always  necessary.  Induced  by  thia  belief  I  made  some  experiments  on  the 
subject,  and  succeeded  in  tbrxuin^  a  Toltaic  combinadon  by  gaseons-oxygen, 
gafleous-hydrogen,  and  platinum ;  by  which  a  galranameter  was  deflected 
and  water  decomposed.     .... 

It  appears  to  me  that  heat  and  B^dit  may  be  c<»sktered  as  affecdons ; 
or,  according  to  the  Undulatory-theory^  TibratioDS  of  matter  its^  and  not 
of  a  diiitinct  etherial  fluid  permeatingit :  these  ribratioBS  wouM  be  pr(^ 
%%^U^y  Jun  as  sound  is  propagated  by  fibrations  of  wood  or  as  waTes  by 
waC^nr.^  To  ro^knind,  all  the  consequences  of  the  Undulatory-theory  flow 
M  (Wffily  from  thLi,  as  from  die  hypothesis  of  a  specific  ether ;  to  suppose 
w1i}rt}i,  namMy,  to  suppose  a  fluid  wui  ffeneriSy  and  of  extreme  toiuity  pene- 
tr(if1fit(  nfA\(\  V/Ii<*^,  wc  muirt  assume,  first,  the  existence  of  the  fluid  itself; 
nocfiTnUy^  tfiflt  hfKlics  are  without  excepdon  porous;  thirdly,  that  these 
|»/?p/»«  Htiurwtu\vHi(*;  fourthly,  that  matter  is  limited  in  expansibility. 
Nmu*  of  thfHo  flirflnilticH  apply  to  the  modificadon  of  this  theory  which  I 
tf'Tit«ir/«  to  trrof^oMo;  nnd  no  other  diffiadty  applies  to  it  which  does  not 
r^l'irilly  «|f|»|ir  fo  fhn  u^v\y(}(\  hypothesis.  With  rcgwd  to  the  planetary 
PipfiMi.:",  JliM  mtriiniHhiii^f  pf<rio4li4  of  comets  is  a  strong  argument  for  the  ex- 
oric'M  of  fin  milriT^filly-diU'iiwod  matter:  diis  has  the  funcUon  of  resist* 


anoe,  ud  Ihere  appears  to  be  no  reseon  to  divest  it  or  the  fimcliona  com- 
moQ  to  all  matter,  or  Buperfidall;  to  appropriate  it  la  certajn  airi!Vli(iiu. 
Agun,  llie  pbeDOEiieiia  of  tranaparcncj  and  opscitj  are,  to  my  maid,  moro 
auilT  exptlckblG  b7  the  former  tbaa  bj  the  hitler  Iheorj ;  as  roauldiie  from 
■  diOkreiice  in  the  molecuhir  omngement  of  tho  matter  aflecicd.  In  n>- 
prd  to  the  effects  of  dotiblc-re&uctioii  and  poloriMtiOD,  tbe  molccuhir 
(Jvcs  at  once  a.  reason  for  the  effects  upon  the  one  theory,  while  upon  the 
other  WB  rooBl,  in  addition  to  previona  asamnptioDfi,  further  assnioe  a  djf- 
ftrent  clasticitj  of  tbe  ether  in  diSereot  directioDB  within  the  doubly- 
refracting  medium.  The  same  theory  a  ap|ilicable  to  El«atricitj  and 
■agDetism  ;  my  dwd  eiperimenia  on  the  influence  of  the  chiatie  inlermediiim 
~B  tba  Tolluc-arc,  and  those  of  Foiaday  on  Glectrical  inductioD,  iVimisb 
trong  argnmenta  in  support  of  iL  Uy  inclination  would  lead  me  to  div 
lin  TOO  on  this  subject  much  longer  thou  my  Judgtnent  deems  odTUsblc : 
mtent  myself  with  offering  it  to  your  considcralion,  and, 
\»  permit,  I  may  at  a  ^ture  period  more  folly  deretope 

Ugbt,  Heal,  Electricity,  Uo^eCism,  Motion,  and  Chemicol-otEnity,  oro 
I  all  GOnrmible  material  affections ;  Bseuming  either  aa  the  Cause,  one  of 
I  the  others  will  be  the  effect:  thus  heat  may  be  said  to  produce  elcctridty, 
I  dectridEy  lo  produce  heat;  magnetism  to  produce  electrioitj,  electricity 
'  so  of  the  rest.     Cause  and  cObct,  therefore,  in  thtar  ab- 

o  these  forces,  are  words  solely  oC  convetdeace;  we  are 
\  totally  ua&cqaaintod  with  the  ultimate  gcneratinf;  power  of  each  and  all 
I  of  tium,  and  pmbably  shall  ever  renuiin  bo  ;  we  con  only  ascertain  the 
I  DomuB  of  ih^  action :  wo  must  humbly  rofi-r  their  causation  to  ono  onmi- 
.  preecat  inJlueDCc,  nod  content  ourselves  with  studying  their  eSeota  and 
[    oerelopiDg  by  experiment  their  mutual  reletlDtu). 

I  liaT«  tmuposed  tho  pasetigGB  lekting  to  voltaic  action  and 
I  ttUiijide,  bat  I  have  not  added  a  word  to  the  above  quotation, 
I  vul,  as  far  as  I  am  now  an'are,  the  tlieorj  that  the  Bo-callod  im- 
I.  ponderables  are  oflcctions  of  ordinary  matter,  that  they  are  ro- 
\  aolvalile  into  motion,  that  thej  are  to  be  regarded  in  their  action 
on  matter  as  forces,  and  not  as  specific  ontitiea,  and  tbiit  tlicy  are 
capable  afmntaBl  reaction,  thenr«  alternately  acting  as  caose  and 
^cfft-ct,  had  not  at  that  time  beco  publicly  advanced. 

My  original  Sssays  being  a  record  of  lectures,  aud  being  pub- 
lliahed  by  the  managers  of  the  Institution,  I  necessarily  adhered 
D  the  form  and  matter  vhicb  I  had  orally  communicated.  In 
{  anbeequent  editions  I  found  that,  without  destroying 
10  identity  of  tlio  work,  I  could  uut  alter  tbe  style ;  although  it 
roald  have  been  less  difficult  and  more  Eatislactory  to  me  to  have 
lone  so,  tbe  work  would  not  have  been  a  republication  ;  and  I 
ta  for  obvious  reasons  anxious  to  preserve  as  far  as  I  could  tho 
Idginal  test,  which,  though  added  to,  is  but  little  albired. 

The  form  of  lectures  has  necessarily  continued  the  use  of  tha 
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first  person,  and  I  would  beg  my  readers  not  to  attribute  to  me^ 
from  the  modes  of  expression  used,  a  dogmatism  wliich  is  far  from 
my  thought.  If  my  opinions  are  expressed  broadly,  it  is  that,  if 
opinions  are  always  hedged  in  by  qualifications,  the  style  becomes 
embarrassed  and  the  meaning  frequently  unintelligible. 

As  a  course  of  lectures  can  only  be  useful  by  inducing  the 
auditor  to  consult  works  on  the  subject  he  hears  treated,  so  the 
object  of  this  Essay  is  more  to  induce  a  particular  train  of  thought 
on  the  known  Sacts  of  physical  science  than  to  enter  with  minute 
criticisms  into  each  separate  branch. 

In  one  or  two  of  the  reviews  of  previous  editions  the  general 
idea  of  the  work  was  olijected  to.  I  believe,  however,  that  will 
not  now  be  the  case ;  the  mathematical  labours  of  Mr.  Thompson, 
Clausius,  and  others,  though  not  suitable  for  insertion  in  an 
Essay  such  as  this,  have  awakened  an  interest  for  many  portions 
of  the  subject,  which  promises  much  for  its  future  progress. 

The  short  and  irregular  intervals  which  my  profession  permits 
mc  to  devote  to  science  so  prevent  the  continuity  of  attention 
necessary  for  the  proper  evolution  of  a  train  of  thought,  that  I 
certainly  should  not  now  have  courage  to  publish  for  the  first 
time  such  an  Essay ;  and  it  is  only  the  favour  it  has  received 
from  those  whose  opinions  I  highly  value,  and  the,  I  trust  pardon- 
able, wish  not  to  let  some  fisivourite  thoughts  of  my  youth  lose  all 
connection  with  my  name,  that  have  induced  me  to  reprint  it. 

My  scientific  readers  will,  I  hope,  excuse  the  very  short  notices 
of  certain  branches  of  science  which  are  introduced,  as  without 
them  the  work  would  be  unintelligible  to  many  for  whom  it  is 
intended.  I  have  endeavoured  so  to  arrange  my  matter  that  each 
division  should  form  an  introduction  to  those  which  follow,  and 
to  assume  no  more  preliminary  knowledge  to  be  possessed  by  my 
readers  than  would  be  expected  from  persons  acquainted  with  the 
elements  of  physical  science. 

The  notes  contain  references  to  the  original  memoirs  in  which 
the  branches  of  science  alluded  to  are  to  be  found,  as  well  as  to 
those  which  bear  on  the  main  arguments ;  where  these  memoirs 
are  numerous,  or  not  easy  of  access,  I  have  referred  to  treatises  in 
which  they  are  collated.  To  prevent  the  reader*s  attention  being 
interrupted,  I  have  in  the  notes  referred  to  the  pages  of  the  text| 
instead  of  to  interpolated  letters. 


CORKELATION 


PHTSICAL   FORCES 


I.— INTKODTJCTORY  REMARKS. 


|'TTT"HEN  nstural  phenomena  are  for  the  first  tine  ob- 

I     VV    BcnrMl,  a  tvodeDey  imniedialely  dcvclopcs  ils«lf  lo 

r  them  to  aomcthlng  proviousty  known — to  bring  tliem 

!■  within  the  range  of  ackuowlcdgcd  ecqncnces.    The  mode  of 

I  reganling  new  fuc-tK,  whiuh  is  moat  foTOurably  received  by 

[  &t  |iublif,  is  that  wtiicb  refers  them  to  recognisod  vicwg — 

ipa  tluMu  into  the  utould  in  which  the  mLod  has  been  ul- 

nady  thaped.     The  uew  fact  muybe  far  removed  from  tlioeu 

to  which  it  is  referred,  nnd  may  belong  to  a  different  order 

of  ftitnluKiM,  but  this  t^nunot  iJien  be  known,  as  ila  coHirdi- 

uoEm  aro   wanting.      It  nmy  bo  qaeeliooable   whether  tbo 

mind  is  Dot  so  moulded  by  post  events  that  it  is  impoaaible 

lo  oJvaDOu  aa  entirely  new  view,  bat  admitting  snch  jiossi* 

ttility,  (he  now  view,  aeceassxily  founded  on  insutTicieat  data, 

ta  Uktdy  tw  be  more  incorrect  and  prejudicial  than  even  a 

aUaioed  aUem]>t  lo  rcconcito  the  new  diacovcry  with  known 

focta. 

T1i«  ibcory  consequent  upon  new  facts,  whether  it  be  a 
co-ordination  of  tbun  with  known  ones,  or  the  more  di£Gcall 
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and  dangerous  attempt  at  remodellmg  the  public  ideas,  is 
generallj  enunciated  hj  the  diacoyerers  themselves  of  the 
toctd,  or  bj  those  to  whose  aothoritj  the  world  at  the  period 
of  the  discoverj  defers ;  others  are  not  bold  enough,  or  if 
thcj  be  so,  are  nnheeded.  The  eariiest  theories  thus  enuncia- 
ted obtain  the  firmest  hold  upon  the  public  mind,  for  at  sach 
a  time  there  is  no  power  of  testing,  bj  a  sufficient  range  of 
experience,  the  truth  of  the  theory ;  it  is  accepted  solely  or 
mainly  upon  authority :  there  being  no  means  of  contradic- 
tion, its  reception  is,  in  the  first  instance,  attended  with  some 
deip'ee  of  doabt,  bat  as  the  time  in  which  it  can  fairly  be  in- 
yo:!^tigated  far  exceeds  that  of  any  liyes  then  in  being,  and  as 
neither  the  individoal  nor  the  public  mind  will  long  tolerate 
a  state  of  abeyance,  a  theory  shortly  becomes,  for  want 
of  a  better,  admitted  as  an  established  troth :  it  is  handed 
Croui  lather  to  son,  and  gradually  takes  its  place  in  edu- 
cation. Succeeding  generations,  whose  minds  are  thus 
furmed  to  an  established  view,  arc  much  less  likely  to  aban- 
don it.  They  have  adopted  it  in  the  first  instance,  upon  au- 
thority, to  them  unquestionable,  and  subsequently  to  yield  up 
their  faith  would  involve  a  laborious  remodelling  of  ideas,  a 
task  which  the  public  as  a  body  will  and  can  rarely  under- 
take, the  frequent  occurrence  of  which  is  indeed  inconsistent 
with  the  very  existence  of  man  in  a  social  state,  as  it  would 
indaee  an  anarchy  of  thought — a  perpetuity  of  mental  revo- 
.IntionB. 

This  necessity  has  its  p^ood ;  but  the  prejudicial  effect 
l^n  the  advance  of  science  is,  that  by  this  means,  theories  Uie 
JPIQ0I  immature  frequently  become  the  most  permanent ;  for 
Wf>  theory  can  be  more  immature,  none  is  likely  to  be  so  in- 
pocrecC,  as  that  which  is  formed  at  the  first  fiush  of  a  new 
discoYezy ;  and  thougli  time  exalts  the  authority  of  those 
ttom  whom  it  emanated,  time  can  never  give  to  the  illustri- 
OW*  ans  of  analysing  and  correcting  erroneous 

lent  dii(*ovcries  confer. 


Take  for  instance  tiie  Ptolemaic  System,  wliieli  wo  maj 
sluost  UteriUly  explain  by  the  expreasiou  of  Shokapettre: 
'  He  that  is  giddy  thinks  the  world  turns  round,'  We  uow 
Bee  the  error  of  this  Bystcni,  because  we  hove  all  an  immedi- 
ate opportunity  of  refuting  it ;  but  this  identical  error  was 
received  as  a.  truth  for  centuries,  because,  when  first  promtil- 
galed,  the  means  of  refuting  it  were  not  at  hand,  and  when 
tlio  means  of  it«  refutation  became  allniuable,  mankind  had 
been  so  educated  to  the  supposed  truth,  that  they  rejected  the 
proof  of  its  fallacy. 

I  have  premised  Iho  above  for  two  reasons :  first  to  obtain 
A  fair  hearing,  by  requesting  as  far  as  possible  a  dismissal 
from  the  mind  of  my  readers  of  preconceived  views  by  and  in 
favour  of  which  all  are  liable  to  be  prejudiced  ;  and  secondly, 
to  defend  myself  from  the  charge  of  undervaluing  authority, 
or  treating  lightly  the  opinions  of  those  to  whom  and  to 
wbus«  memory  mankind  looks  with  reverence.  Properly  to 
value  aulliority,  we  should  ealJmatc  it  together  with  its  means 

'   of  infurmation :  if '  a  dwarf  on  the  shoulders  of  a  giant  can 

'  see  further  than  the  giant,'  he  ia  no  leas  a  dwarf  in  compari- 
Bon  witU  the  giant. 

The  subject  on  which  I  am  abont  to  treat — viz.,  the  rela- 

l  tion  of  the  affections  of  matter  to  each  other  and  to  matter — 
HCuUttrly  demands  an  unprejudiced  regard.     The  different 

,   ftH|>ect«  under  which  these  agencies  have  been  contemplated  ; 

I  tiiv  different  views  which  have  been  taken  of  matter  itself; 
tiie  melftphysical  subtleties  to  which  these  views  miavoidably 
lead,  if  pursued  beyond  fair  inductions  Irom  existing  espe- 

I  ricnce,  present  diSieulties  almost  insurmountable. 

The  exleut  of  claim  which  my  views  on  tiiis  subject  may 

I  have  to  originiility  hos  been  stated  in  the  Preface  ;  they  be- 
came strongly  impressed  upon  my  mind  at  a  period  when  I 

h  was  much  engaged  in  experimental  research,  and  were,  oa  I 

I   then  believed,  and  still  beliere,  regarding  them  as  n  system, 

I    new :  expressions  in  the  works  of  different  authors,  bearing 


12  OOSBSLASIOZr  OF  PHTBIQAL  1X>B0X8. 

more  or  less  on  the  subject,  haye  sdbseqneirtfy  been  pointed 
out  to  me,  some  of  which  go  back  to  a  distant  period.  An 
attempt  to  analyse  these  in  detail,  and  to  trace  how  iar  I 
have  been  anticipated  by  others,  would  probaUybut  little 
interest  the  reader,  and  in  the  course  of  it  I  should  constantly 
have  to  make  distinctions  showing  n^erein  I  differed,  and 
wherein  I  agreed  with  others.  I  might  cite  authorities  which 
appear  to  me  to  oppose,  and  others  which  appear  to  coincide 
with  certain  of  the  views  I  have  put  forth ;  but  this  would 
interrupt  the  consecutive  developement  of  my  own  ideas,  and 
might  render  me  liable  to  the  charge  of  misconstruing  those  of 
others ;  I  therefore  think  it  better  to  avoid  such  discussion  in 
the  text ;  and  in  addition  to  the  sketch  given  in  the  Preface, 
to  furnish  in  the  notes  at  the  conclusion  such  references 
to  different  authors  as  bear  upon  the  subjects  treated  of, 
which  I  have  discovered,  or  which  have  been  pointed  out  to 
mo  since  the  delivery  of  the  lectures  of  which  this  essay 
is  a  record. 

The  more  extended  our  research  becomes,  the  more  we 
find  that  knowledge  is  a  thing  of  slow  progression,  that  the 
very  notions  which  appear  to  ourselves  new,  have  arisen, 
though  perhaps  in  a  very  indirect  manner,  firom  successive 
modifications  of  traditional  opinions.  Each  word  we  utter, 
each  thought  we  think,  has  in  it  the  vestiges,  is  in  itself  the 
impress,  of  antecedent  words  and  thoughts.  As  each  ma- 
terial form,  could  we  rightly  read  it,  is  a  book,  containing  in 
itself  the  post  history  of  the  world  ^  so,  different  though  our 
philosophy  may  now  appear  to  be  from  that  of  our  progeni- 
tors, it  is  but  theirs  added  to  or  subtracted  from,  transmitted 
drop  by  drop  through  the  filter  of  antecedent,  as  ours  wiH  be 
through  that  of  subsequent,  ages. — ^The  relic  is  to  the  past  as 
is  the  germ  to  the  future. 

Though  many  valuable  facts,  and  correct  deductions  from 
them,  are  to  be  found  scattered  amongst  the  voluminous 
works  of  the  ancient  philosophers;   yet,  ^ving  them  the 
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crodit  wliicli  Uiey  pre-eminently  dcacrvo  for  hariog  devotuii 
titcir  lives  to  poreljr  inlellectaal  pnrsaits,  anil  for  linving 
(liouj^ht,  seUom  frivolously,  often  profoundly,  nothing  eau  be 
tnoru  difflcnlt  tluin  to  eeizo  and  apprehend  the  Idcoe  of  those 
'  wlio  TOUKHaed  trom  obetractioQ  to  abetraction — who,  although, 
K  now  believe,  tiiey  must  have  depended  npon  observo- 
r  their  first  indncdons,  oilerwarda  raised  npon  them 
ft«omplex  EapersLructuro  of  syllogiatic  deducliona,  that, 
It  IbllowiDg  the  same  patha,  and  tracing  the  some  sinu- 
iwiticfl  which  led  them,  to  their  conclusions,  snch  conclusiona 
are  to  ds  onintelligible.  To  thlok  aa  anutber  thought,  we 
must  be  phured  isx  the  same  situation  as  he  was  placed :  the 
errors  of  commentators  geDeroUy  arise  from  their  reasoning 
upon  the  argumenta  of  their  text,  cither  in  blind  obedience  to 
its  dicta,  without  considering  the  circumstances  under  which 
ihey  were  uttered,  or  in  viewing  the  images  presented  to  the 
ori^nool  writer  from  a  diifercat  point  to  that  from  which  he 
viewed  them.  ExperimcDtal  philosophy  keeps  in  check  tlie 
lUTom  both  of  u  priori  reasontDg  and  of  commenlators,  and, 
at  oU  events,  prevents  their  becoming  cumulative ;  thougli 
exphinatioDB  of  a  lacl  be  dilfereut,  the  fact 
tlie  same.  It  is,  moreover,  itscll'tho  exponent  of  its 
it's  thouglit;  tlie  observation  of  kuowu  phenomena 
I  him  to  elicit  from  nature  the  new  plieuomena :  auil, 
lltoagh  he  may  be  wrong  in  his  deductions  from  this  oiler  its 
discovary,  the  reasonings  which  conducted  him  to  it  are  iJiem 
selves  vahmble,  and,  having  led  from  knowu  to  unknown 
truths,  can  seldom  be  uniiiatructive. 

Very  different  views  existed  amon^  the  ancients  as  to  the 
nims  to  be  pursued  by  physical  investigation,  and  as  to  the  objects 
jikrly  to  be  attained  by  it,  I  do  not  here  mean  the  moral  ob- 
j»Ttp,  snch  OS  the  attainment  of  the  ciimj/iuni  Jtmum,  Ac. 
^bul  the  acquisitions  In  knowledge  which  such  investiga- 
tions were  likely  to  confer.  Utility  was  one  object  in  view, 
and  this  was  to  some  extent  attained  by  tlie  progress  made  in 
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rjo  2ik^ne  v^TsssCJocrr  bfei  ^ki^  tnd  in  viev ;  htiy  wliile  fwrauiug 
sunmi  kii.^w^ftic;j^  i.^  :^  jak»  cc*  ta^^k^ge  and  tlie  power 
woA.^  X  ^ctsr^  vi;k  5l.  sif  fresso-  voBftcr  seemed  to  enter- 
&U1  da  exjiKttacii  cc  agsitjig  ci  soas  Bhimatu  goal,  some 
pciofi  vx  k=ic:wki^«  v^Sck  v^cvji  cciy4cbi  a  maslerj  orer 
1^  ErT^«tiene§  c£  z^urv^.  azid  vwii  «Qdbfe  tkem  to  ascertain 
woiftS  «^  the  ^ais3  iz;TTrtiTtf  scr»rcsr«  o£  natter,  and  the 
ouifec  e^  tbe  c^asfics  32  exxibcis^  W^nre  tkej  could  not  dis- 
«fvMner«  t^j  5;wiralia<«L  Lrad^^vs;.  IXmsKritas,  and  odiers, 
Ix&T^  frr«£  125  ibear  z»co:ai«  cc  Tht  g>?^*^a»  atoms  of  which 
EttM^r  w;ft5  MTQ^d.  azti  of  xbe  fEk'^u  -^itndi  of  nature  in  the 

T^  «x3«<Sii35ciL  of  jLTriiliig  AS  T^^'^^itv  cai»»  or  essences 
o^x:::^T.3cc  kc^  aiks*  ibe  j;«^fT□J&5cesf  cc  ib?  aacKots  had  been 
a>»«j.vo^£-  Az>i  «cfiiisie*  <  vic  ic  *iie  pres^ss  ^j  to  be  a  Tcry 
cc-::>«*I  T)vCii-c  of  iht  c^'X«5  lo  hf  g^-^nMrelr  attained  by 
Ts.^o*!  jk'icDf^  Fraa^a*  B»a"c  t^  STWtf  lemoddler  of 
fs.->or;oo*  c^nKrrtAiiied  iLi*  uotjccu  aiid  tb.^^ourhs  tbat«  bj  experi- 
r.-Jcv.iAlly  lostiii^  liAtcraJ  y»bciioiDCiMu  we  shoaM  be  enabled  to 
r.-ii^v  ihcm  to  ccriAin  y»riinaiy  es5*eDCC:5  or  cknse?  whence  the 
\Anous  pbouomor.a  flow.  These  he  speaks  of  nnder  the 
*rho1,'\>no  ni«i>o  of  *  forms ' — a  term  deriTed  from  the  ancient 
pMlv^\phx\  bnt  liitfcrostlT  apfilied.  He  appear?  to  have  nn- 
»UM>t*\\!  bv  *  tomi'  iho  «%?oiicc  of  qnalitr — that  inwhich«ab- 
^trrtotinc  o>or\ihir.j:  oxiranoous,  a  given  qnalitr  consists,  or 
0ml  >\h5oh^  su|vrin*^«ivd  on  any  body,  wonld  give  it  its  po- 
oulmr  quality:  thu5  tho  form  of  transparency*  is  that 
\\bioh  ctMt:Mitut(^s  transparency,  or  that  by  which,  when  dis- 
txivtatH^  trau^paroncy  conld  be  produced  or  snperindoced. 
Ttt  lake  a  specific  example  of  what  I  may  term  the  syn- 
A^o  applii'ation  of  his  philosophy : — *  In  gold  there  meet 
fa|«th<u*  yellowness,  gravity,  nmlloAbility,  fixedness  in  the  fire, 
%  datenniuato  way  of  solution,  which  arc  ihc  simple  natures 
hi  gold  I  for  lu^  who  understands  form,  and  the  manner  of 


CUperiDiIucing  thia  yellownese,  gravity,  ductility,  fisedness, 
Eaculty  of  fudon,  soIutioD,  &c.,  with  their  particuJar  degrees 
«u(l  proportions,  will  conaiJer  Uow  to  join  them  togtther  in 
Eome  body,  eo  Lhat  a  transinulation  iuto  gold  shall  follow.' 

On  the  other  haml,  the  analytic  method,  or,  '  the  coqiiiry 
frum  what  origin  gold  or  any  other  metal  or  stone  is  generated 
from  its  first  fluid  matter  or  rudimenls,  up  lo  a  perfect  min- 
eral,' is  to  be  perceived  by  what  Bacon  calls  the  latent  pro- 
cess, or  a  search  for  '  what  in  every  gencralioa  or  transfor- 
matioa  of  bodies,  fliea  off,  what  remains  behind,  what  is  add- 
ed, what  separated,  &c. ;  also,  in  other  alterations  and  mo- 
tions, what  gives  motion,  what  governs  it,  and  the  like.' 
Bacon  appears  to  have  thought  that  qualities  separate  from 
the  auhslances  themselves  were  attainable,  and  if  not  capable 
of  physical  isolation,  were  at  all  events  capable  of  physleal 
transference  and  supcrindnction. 

Subsequently  to  Bacon  a  belief  has  generally  esisled,  anil 
uow  lo  a  great  extent  exists,  in  what  are  called  secondaiy 
cnuseti,  or  consequential  steps,  wherein  one  phenomenon  is 
Bupposcd  necessarily  to  Iiang  on  another,  imtil  at  last  we  ar- 
rive at  on  cssen^al  cause,  subject  immediately  to  the  First 
Canse.  This  notion  ia  getierally  prevalent  both  on  the  Con- 
tinent and  in  tliis  country :  nothing  is  more  familiar  than  the 
esprcsstun  '  study  the  ofTecta  iu  order  to  arrive  at  Iho  causes." 

lualcad  of  regarding  the  proper  object  of  physical  Bcicnca 
a.1  a  search  afler  essential  causes,  I  believe  it  ought  to  be,  and 
miut  bo.  a  searcb  aflor  facts  and  relations — that  although  the 
word  Cause  may  bo  used  in  a  secondary  and  concrete  scnao, 
■3  meaaiug  antecedent  forces,  yet  in  an  abstract  sense  it  is  to- 
tally inapplicable;  we  cannot  predicate  of  any  physical  agency 
that  it  is  abstractedly  the  cause  of  another ;  and  if,  for  the  sako 
of  convenience,  the  language  of  secondary  causation  be  pcr- 
miinUe,  it  should  be  only  with  reference  to  the  special  pho- 
refcrred  lo,  oa  it  can  never  be  generalised. 

loe,  or  ralbor  varied  use,  of  the  term  Cause,  has 
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been  a  source  of  great  confhsioii  in  physical  theories,  and 
philosophers  are  even  now  by  no  means  agreed  as  to  theii 
conception  of  causation.  The  most  generally  receiyed  view 
of  causation,  that  of  Hume,  refers  it  to  invariable  antecedence 
— i.  e.,  we  call  that  a  cause  which  invariably  precedes,  that 
an  effect  which  invariably  succeeds.  Many  instances  of  in- 
variable sequence  might  however  be  selected,  which  do  not 
present  the  relation  of  cause  and  effect :  thus  as  Beed  observes, 
and  Brown  does  not  satisfactorily  answer,  day  invariably 
precedes  night  and  yet  day  is  not  the  cause  of  night.  The  seed, 
again,  precedes  the  plant,  but  is  not  the  cause  of  it ;  so  that  when 
we  study  physical  phenomena  it  becomes  difficult  to  separate  the 
idea  of  causation  firom  that  offeree,  and  these  have  been  regarded 
as  identical  by  some  philosophers.  To  take  an  example  which 
will  contrast  these  two  views :  if  a  floodgate  be  raised,  the  water 
6ows  out ;  in  ordinary  parlance,  the  water  is  said  to  flow  &e- 
catise  the  floodgate  is  raised :  the  sequence  is  invariable ;  no 
floodgate,  properly  so  called,  can  be  raised  without  the  water 
flowing  out,  and  yet  in  another,  and  perhaps  more  strict,  sense, 
it  is  the  gravitation  of  the  water  which  causes  it  to  flow.  But 
though  we  may  truly  say  that,  in  this  instance,  gravitation 
causes  the  water  to  flow,  we  cannot  in  truth  abstract  the  pro- 
position, and  say,  generally,  that  gravitation  is  the  cause  of 
water  flowing,  as  water  may  flow  from  other  causes,  gaseous 
elasticity,  for  instance,  which  will  cause  water  to  flow  from  a 
receiver  full  of  air  into  one  that  is  exhausted ;  gravitation  may 
also,  under  certain  circumstances,  arrest  instead  of  cause  the 
flow  of  water. 

Upon  neither  view,  however,  can  we  get  at  anything  like 
abstract  causation.  If  we  regard  causation  as  invariable  se- 
quence, we  can  find  no  case  in  which  a  given  antecedent  is 
the  only  antecedent  to  a  given  sequent :  thus  if  water  could 
flow  from  no  other  cause  than  the  withdrawal  of  a  floodgate, 
we  might  say  abstractedly  that  this  was  the  cause  of  water 
flowing.    K,  again,  adopting  the  view  which  looks  to  causa* 
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tioQ  as  a  force,  wo  could  say  that  water  could  lio  caused  lo 
flow  ooly  by  gravitation,  we  might  aay  ahstrartcdly  that  grav- 
italiou  was  Uio  cause  of  water  flowing — but  this  we  cannot 
aay ;  and  if  we  eeek  and  exomiiic  any  other  example,  wo 
shall  Gud  that  causation  ib  only  predicablo  of  it  in  the  partic- 
ular case,  and  cannot  be  supported  as  an  abstract  proposition ; 
yel  tills  is  constantly  attempted.  Nevertheless,  in  each  poT^ 
tieiUar  case  where  we  speak  of  Cause,  we  habitually  refer  to 
BOme  antecedent  power  or  force :  we  never  see  motion  or  any 
change  in  matter  take  effect  without  regarding  it  as  produced 
by  some  previous  change  ;  and  when  we  cannot  trace  it  to  its 
antecedent,  we  mentally  refer  it  to  one  ;  but  whether  this  hab- 
it be  philosophically  correct  is  by  no  means  clear.  In  other 
words,  it  scorns  queBtiouablo,  not  only  whether  cause  and  ef- 
fect are  convertible  terms  with  antecedence  and  sequence,  but 
whether  in  bet  cause  does  precede  effect,  whether  force  does 
prceedc  the  change  in  matter  of  which  it  is  said  to  bo  Uie 
cause. 

'  The  actual  priority  of  cause  to  effect  has  been  doubted, 
W)4  tbeir  simultaneity  argued  with  much  ability.  As  an  iu- 
A  of  this  argument  it  may  be  said,  the  attraction  which 
i  iron  to  approach  the  magnet  is  simultaneous  with  and 
pACcompanies  the  movement  of  the  iron ;  the  movement 
b  dridence  of  the  co-existing  cause  or  force,  but  there  is  no 
evidence  of  any  interval  in  time  between  the  one  and  the  oth- 
er. On  this  view  time  would  cease  to  be  a  necessary  clement 
in  causation ;  the  idea  of  cause,  except  perhaps  as  referred  to 
a  primoval  creation,  would  cease  to  exist ;  and  the  same  ar- 
guments wliich  apply  lo  the  simultaneity  of  cause  with  effect 
would  apply  lo  the  simultaneity  of  Force  with  Motion.  Wo 
could  not,  however,  even  if  wo  adopted  this  view,  dispense 
with  the  element  of  time  in  the  sequence  of  phenomena ;  tlie 
effect  being  thus  regarded  as  ever  accompanied  simultaneous- 
ly by  ita  appropriate  cause,  we  should  stUl  rcfhr  it  to  some  an- 
tecedent effect ;  and  our  reasoning  as  applied  to  the  saccos- 
aive  pVoduction  of  all  natural  changes  would  be  Iho  same. 
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Habit  and  tho  identification  of  thoughts  with  phenomena 
80  compel  the  use  of  recognised  terms,  that  we  cannot  ayoid 
using  the  word  cause  even  in  the  sense  to  which  objection  is 
taken ;  and  if  we  struck  it  out  of  our  vocabulary,  our  lan- 
guage, in  speaking  of  successire  changes,  would  be  unintelli- 
gible to  the  present  generation.  The  common  error,  if  I  am 
right  in  supposing  it  to  be  such,  consists  in  the  abstraction  of 
cause,  and  in  supposing  in  each  case  a  general  secondary 
causo— a  something  which  is  not  the  first  cause,  but  which,  if 
we  examine  it  carefully,  must  have  all  the  attributes  of  a  first 
cause,  and  an  existence  independent  of,  and  dominant  over, 
matter. 

The  relations  of  electricity  and  magnetism  afibrd  us  a 
very  instructive  example  of  the  belief  in  secondary  causa- 
tion. Subsequent  to  the  discovery  by  Oersted  of  electro-mag- 
netism, and  prior  to  that  by  Faraday  of  magneto-electricity, 
electricity  and  magnetism  were  believed  by  the  highest  author- 
ities to  stand  in  the  relation  of  cause  and  cfiect — i.  e.  elec- 
tricity was  regarded  as  the  cause,  and  magnetism  as  the  effect ; 
and  where  magnets  existed  without  any  apparent  electrical 
currents  to  cause  their  magnetism,  hypothetical  currents 
were  supposed,  for  the  purpose  of  carrying  out  the  caus- 
ative view ;  but  magnetism  may  now  be  said  with  equal 
•truth  to  be  the  cause  of  electricity,  and  electrical  currents 
may  be  referred  to  hypothetical  magnetic  lines :  if  therefore 
electricity  cause  magnetism,  and  magnetism  cause  electricity, 
why  then  electricity  causes  electricity,  which  becomes,  so  to 
speak,  a  reducUo  ad  ahsurdum  of  the  doctrine. 

To  take  another  instance,  which  may  render  these  posi- 
tions more  intelligible.  By  heating  bars  of  bismuth  and  anti- 
mony in  contact,  a  current  of  electricity  is  produced ;  and  if 
their  extremities  be  united  by  a  fine  wire,  the  wire  is  heated. 
Now  here  the  electricity  in  the  metals  is  said  to  be  caused 
by  heat,  and  the  heat  in  the  wire  to  be  caused  by  electricity, 
and  in  a  concrete  sense  this  is  true ;  but  can  we  thence  say 
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abstrsclcdly  tliat  lieat  is  llie  cause  of  electridty,  or  that  eleo 
triut;  is  the  cause  of  heat  ?  Certainly  not ;  for  if  either  be 
troe,  Iwtli  muBt  be  bo,  and  the  effect  then  becomes  the  cause 
of  llie  cause,  or,  in  other  irords,  a  thing  causes  itself.  Any 
other  proposition  on  thia  suLjeet  will  be  fowid  to  involve  sim- 
ilar difficulties,  nntil,  at  length,  the  mind  will  become  coa- 
Tinccil  that  abstract  secondary  catisation  does  not  oxiiit,  and 
that  a  scorch  alter  essvnlial  causes  is  vain. 

The  position  which  I  ecek  t«  establish  in  this  Essay  is, 
tlial  the  various  affccliops  of  matter  which  constitute  Uie 
nuiiu  objecia  of  experimental  physios,  vis.,  heat,  light,  eleo 
tricity,  magDetiBm,  chemical  aflinity,  and  motion,  aro  all  cor- 
relative, or  have  a  reciprocal  dependence  ;  that  neither,  taken 
■bstnictcdly,  can  be  said  to  be  the  essential  cause  of  the  oth- 
ers, but  that  either  m^y  produce  or  be  convertible  into,  imy 
of  the  others :  thua  heat  may  mediately  or  immediately  produuo 
electrici^,  electricity  may  produce  heat ;  and  so  of  the  rest, 
each  merging  itself  as  the  force  it  produces  becomes  devel- 
oped ;  and  that  the  same  must  hold  good  of  other  forces,  it  be- 
ing on  irresistible  inference  from  observed  phenomena  that  a 
force  caimot  originate  otherwise  than  by  devolution  from  some 
pre-existing  force  or  forces. 

The  term  force,  although  used  ia  very  different  aenaes  by 
diflcreot  authors,  in  its  limited  sense  may  bo  denned  as  that 
which  prodaccsorre»Bta  motion.  Although  strongly  inclined  to 
believe  that  the  other  affections  of  matter,  which  I  have  above 
named,  are,  and  will  ultimately  be  resolved  into,  modes  of 
motion,  many  arguments  for  which  will  be  given  in  subse- 
quent parts  of  tills  Essay,  it  would  be  going  too  for,  at  prc- 
•cnt,  (a  assume  their  identity  with  it ;  I  therefore  use  the  term 
force  in  reference  to  thorn,  as  meaning  that  active  principle 
iiucparnble  from  matter  which  ia  supposed  to  induce  itavari* 
IS  changes. 

The  word  force  and  the  idea  it  aims  at  expressing  might 
L  bo  objected  to  by  the  purely  physical  philosopher  on  aimilai 
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grounds  to  those  which  apply  to  the  word  cause,  as  it  repre* 
sents  a  subtle  mental  conception,  and  not  a  sensuous  percept 
tion  or  phenomenon.  The  objection  would  take  something 
of  this  form.  If  the  strmg  of  a  bent  bow  be  cut,  the  bow 
will  straighten  itself;  we  thence  say  there  is  an  elastic  force 
in  the  bow  whidi  straightens  it ;  but  if  we  applied  our  expres- 
sions to  this  experiment  alone,  the  use  of  the  term  force 
would  bo  superfluous,  and  would  not  add  to  our  knowledge 
on  the  subject.  AH  the  information  which  our  minds  could 
get  would  be  as  sufficiently  obtained  from  the  expression, 
when  the  string  is  cut,  the  bow  becomes  strai^t,  as  from  the 
expression,  the  bow  becomes  straight  by  its  elastic  force. 
Do  we  know  more  of  the  phenomena.  Tie  wed  without  refer- 
ence to  other  phenomena,  by  saying  it  is  produced  by  force  ? 
Certainly  not.  AH  we  know  or  see  is  the  effect ;  we  do  not 
see  force — ^we  see  motion  or  moving  matter. 

If  now  we  take  a  piece  of  caoutchouc  and  stretch  it,  when 
/cleascd  it  returns  to  its  original  length.  Here,  though  the 
subject-matter  is  very  different,  we  see  some  analogy  in  the 
effect  or  phenomenon  to  that  of  the  strung  bow.  If  again 
we  suspend  an  apple  by  a  string,  cut  the  string,  the  apple  falls. 
Here,  though  it  is  less  striking,  there  is  still  an  analogy  to 
the  strung  bow  and  the  caoutchouc. 

Now  when  the  word  force  is  employed  as  comprehending 
these  three  different  phtoomena  we  find  some  use  in  the  term, 
not  by  its  explaining  or  rendering  more  intelligible  the  modvA 
agendi  of  matter,  but  as  conveying  to  the  mind  something 
which  is  alike  in  the  three  phenomena,  however  distinct  they 
may  be  in  other  respects :  the  word  becomes  an  abstract  or 
generalised  expression,  and  regarded  in  this  light  is  of  high 
utility.  Although  I  have  given  only  three  examples,  it  is 
obviou0  that  the  term  would  equally  apply  to  300  or  3,000  ex- 
amples. 

will  be  said,  the  term  force  is  used  not  as  express- 
et,  but  as  that  which  produces  the  effect.    This  is 
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trcie,  atid  in  this  iw  onlinaiy  sense  I  shall  use  it  in  these  pages. 
But  iboiigh  the  term  has  a  potential  meaaing,  to  depart  from 
which  would  render  lan^age  uniBt«lligible,  ire  must  guard 
against  gupposing  that  we  know  esEeotialij  more  of  the  phe 
Domenn  by  saying  they  are  produced  by  something,  which 
something  is  only  a  word  derived  from  the  constancy  and 
similarity  of  the  phenomena  we  seek  to  explain  by  it.  The 
relations  of  the  phenomena  to  which  the  tenoa  force  or  forces 
are  applied  give  ua  real  knowledge  ;  these  relations  may  be 
called  relations  of  tbrces ;  our  knowledge  of  them  Is  not  there- 
by lessened,  and  the  convenience  of  expression  is  greatly  in 
creased,  but  the  separate  phenomena  are  not  more  intimately 
known ;  no  further  insight  into  why  the  apple  falls  is  ucqoired 
by  saying  it  is  forced  to  full,  or  it  fulls  by  the  force  of  gravita 
tion ;  by  the  latter  expression  we  are  enabled  to  relate  it 
most  uMfuUy  to  other  phenomena,  but  we  still  know  no  mora 
of  the  particular  phenomenon  than  that  under  certain  circmn- 
tlances  the  apple  does  tail. 

In  the  above  illoatrations,  force  has  been  treated  as  the 
producer  of  motion,  in  wliich  cose  tlic  evidence  of  the  force  is 
the  motion  produced ;  thus  we  estimate  the  force  used  to  pro- 
ject a  rauuon  ball  in  terms  of  the  mass  of  matter,  and  the 
Telocity  wilh  which  il  is  projected.  The  evidence  of  fores 
when  the  term  ia  applied  to  resistance  to  motion  is  of  a  some- 
what  different  character  ;  the  matter  resisting  is  moleculorly 
affected,  and  has  its  structure  more  or  less  changed ;  thus  a 
strip  of  caoutchouc  to  which  a  weight  is  suspended  is  elonga- 
ted, and  its  molecules  are  displaced  as  compared  with  their 
position  when  unaffected  by  the  gravitating  force.  So  a  piece 
of  glass  bent  by  an  appended  weight  hoa  its  whole  structure 
changed ;  this  internal  cimnge  is  made  evident  by  transmitc 
tmg  through  it  a  beam  of  polarised  light :  a  relation  thus 
becomes  cstablislicd  between  the  molecular  slate  of  bodies 
uul  the  exleruol  forces  or  motion  of  masses.  Every  particle 
of  the  canutchooc  or  glass  m.ast  be  acting  and  contributing  to 
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resist  or  arrest  the  motion  of  the  mass  of  matter  appended 
to  it. 

It  is  difficult,  in  such  cases,  not  to  recognise  a  reality  in 
force.  We  need  some  word  to  express  this  state  of  tension ; 
wc  know  that  it  produces  an  effect,  though  the  effect  be  nega- 
tive in  character :  although  in  this  effort  of  inanimate  matti^r 
we  can  no  more  trace  the  mode  of  action  to  its  ultimate  ele- 
ments than  we  can  follow  out  the  connection  of  our  own 
muscles  with  the  volition  which  calls  them  into  action,  we 
are  experimentally  convinced  that  matter  changes  its  state 
by  the  agency  of  other  matter,  and  this  agency  we  call 
force. 

In  placing  the  weight  on  the  ^ass,  we  have  moved  the 
forincr  to  an  extent  equivalent  to  that  which  it  would  again 
describe  if  the  resistance  were  removed,  and  this  motion  of 
the  mass  becomes  an  exponent  or  measure  of  the  force  exert- 
(mI  on  the  glass ;  while  this  is  in  the  state  of  tension,  the 
forces  id  ever  existing,  capable  of  reproducing  the  original 
motion,  und  while  in  a  state  of  abeyance  as  to  actual  motion. 
It  is  really  acting  on  the  glass.  The  motion  is  suspended, 
but  the  force  ia  not  annihilated. 

liut  it  may  bo  objected,  if  tension  or  static  force  be  thus 
motion  in  abeyance,  there  is  at  all  times  a  large  amount  of 
dynamical  action  subtracted  from  the  universe.  Every  stone 
upon  a  hill,  every  spring  that  is  bent,  and  has  required  force 
to  upraise  or  bend  it,  has  for  a  time,  and  possibly  for  ever, 
withdrawn  this  force,  and  annihilated  it.  Not  so;  what 
t"k<s  phieo  when  we  raise  a  weight  and  leave  it  at  the  point 
««>  whirh  it  has  been  elcvated2  wo  have  changed  the  centre 
ol  gravity  of  the  earth,  and  cousequeutlv  the  earth's  position 
with  relorenee  to  the  sun,  planets,  and  stars :  the  effort  wo 
inno  nui.lo  p,Tvades  and  shakes  the  universe;  nor  can  we 
prP.oni  to  the  mind  any  exercise  of  force,  which  is  thus  not 
I-rnmn.ut  in  its  dynamical  eUlH^ts.  If,  instead  of  one  weight 
''""•"  "" '^  ''-''  '•"'-  *^vo  .voights,  eaoh  plac.!  at  a  pdnt 
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diametrically  oppoaito  the  other,  it  wonld  be  eaid,  hero  you 
have  compcnsatioQ,  a  balance,  no  change  iu  the  centre  of 
gravity  of  the  earth  ;  but  wo  have  increased  the  mean  diamo- 
Us  of  the  earth,  and  a  perturbation  of  our  planet,  and  of  all 
othor  celestial  bodies  □oceesorily  enanes. 

The  force  may  be  said  to  be  in  abeyance  with  reference 
to  the  effect  it  would  have  produced,  if  not  arrested,  or 
placed  in  a  state  of  tension  ;  but  iu  the  act  of  imposiiig  this 
state,  the  relations  of  equilibrium  with  other  bodies  have 
been  changed,  and  these  movo  in  their  turn,  so  tliat  motion 
of  the  same  amoant  would  seem  to  be  ever  afiocting  matter 
conceived  in  its  totality. 

Press  the  hands  violently  together  ;  the  first  notion  may 
he  that  ihia  is  power  locked  up,  and  that  no  change  cusnes. 
Not  so  ;  the  blood  courses  more  quickly,  rcspiralioa  is  accele- 
rated, changes  which  wc  may  not  be  able  to  trace,  take  place 
ea,  transpiration  is  increased ;  we 
irious  ways,  and  must,  if  the  efibrt 
J  sources  of  power,  by  fresh  chemi- 
cal action  in  the  stomach. 

In  books  which  treat  of  statics  and  dynamics,  it  is  com- 
mon and  perhaps  necessary  to  isolate  the  subjects  of  consid- 
eration ;  to  sappoBo,  for  instance,  two  bodies  gravitating,  and 
to  ignore  tlie  rest  of  the  universe.  But  no  such  isolation  ex- 
ists in  reality,  nor  could  we  predict  the  result  if  it  did  exist. 
Would  two  bodies  gravitate  towards  each  other  in  empty 
space,  if  space  can  bo  empty?  the  notion  that  they  wonld  is 
fonnded  on  the  theory  of  attraction,  which  Newton  himself 
repudiated,  further  than  as  a  convenient  means  of  regard- 
ing the  snbject.  For  purposes  of  instrudion  or  argument  it 
may  be  convenient  to  assume  isolated  matter :  many  con- 
clusioQs  so  arrived  at  may  Le  true,  but  many  will  bo 
erroneous. 

If,  in  producing  effects  of  tension  or  of  static  force,  the 
effort  made  pervades  the  universe,  it  may  he  said,  when  the 


1  the  muscles  and  i 
have  given  off  force  ii 
be  prolonged,  replenish  o 
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bent  Bpzing  is  freed,  when  the  raised  weii^  ftlls,  m  oonveno 
series  of  motions  most  be  eflboted,  and  this  theory  iroold  lead 
to  a  mere  reeiprocationy  which  woold  be  eqnal^  nnprodno- 
tiye  of  permanent  change  wifli  the  annihilatian  offeree.  If 
raising  the  weight  has  changed  the  centre  of  gnmty  of  the 
earth,  and  thence  of  the  unifersei  the  fiJl  of  the  weig^  it 
will  bo  said,  restores  the  original  centre  of  grantrf,  and  ererf- 
thing  comes  back  to  its  original  status.  In  this  axgament^we 
agab,  in  thought,  isolate  oar  experiment;  we  ne|^ect  sox^ 
rounding  dronmstances.  Between  the  time  of  the  raising 
and  fallibig  of  the  weig^  be  the  interral  nerer  so  amall, 
nay,  more,  during  the  xisfaig  and  daring,  the  fidl,  the  earth 
has  been  going  on  revolving  ronnd  its  axis  and  zoond  the 
son,  to  say  nothing  of  other  changes,  sodi  as  temperatore, 
cosmical  magnetism,  do.,  which  we  may  call  accidental,  bnt 
which,  if  we  knew  all,  woold  probably  be  found  to  be  as 
uccosHary  and  as  redociUe  to  law  as  the  motion  of  the  earUu 
A  diange  having  taken  place,  the  &11  of  the  weight  does 
not  bring  bock  the  iUim  fus,  bnt  other  changes  supervene, 
and  Bo  on.  Nothing  repeats  itself,  because  nothing  can 
bo  placed  again  in  the  same  condition:  the  past  is  irre- 
vocable. 


II.— MOTION. 


D  exponent 


MOTION— which  has  been  tatea  as  the  n 
of  force  in  the  above  oiamplea — is  tho 
the  most  distinctly  conceived  of  all  tho  adectiona  of  matter. 
Visible  motion,  or  relative  change  of  position  in  space,  is  a 
phenomenon  so  obvione  to  eimple  apprehension,  that  to  at- 
tempt lo  define  it  wonld  be  to  render  it  more  obscure  ;  but 
with  motion,  aa  with  all  physical  appearances,  there  are  cer- 
tain vanishing  gradations  or  undefined  limits,  at  which  the 
obvious  mode  of  action  fades  away ;  to  detect  the  continn- 
ing  existence  of  the  phenomena  we  are  obliged  to  have  ro- 
Coumt  to  other  than  ordinary  methods  of  iovesligation,  and 
we  freqncQtly  apply  other  and  different  names  to  the  C0ecta 
80  recognised. 

Thus  sound  is  motion ;  and  although  in  the  earlier  pc- 
,  riods  of  philosophy  the  identity  of  sonnd  and  motion  was  not 
,  traced  out,  and  4hey  were  considered  distinct  afiectioiis  of 
Icr — indeed,  at  the  close  of  the  lost  century  a  theory  waa 
ailvtinced  that  Bound  was  transmitted  by  the  vibrations  of  an 
'  elher — we  now  so  readily  resolve  sound  into  motion,  that  to 
tlioso  who  are  familior  with  acoustics,  tho  phenomena  of 
1  Aound  immediately  present  to  the  mind  the  idea  of  motion, 
I  1.  e.  motion  of  ordinary  matter. 

Agiun,  with  regard  lo  light :  no  doubt  now  exists  that 
I  Bght  moves  or  is  accompanied  by  motion.     Hero  tho  phe- 
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bent  spring  is  freed,  when  the  raified  weight  falls,  a  converse 
series  of  motions  most  be  effected,  and  this  theory  would  lead 
to  a  mere  reciprocation,  which  would  be  equally  unproduo- 
tive  of  permanent  change  with  the  annihilation  of  force.  J£ 
raising  the  weight  has  changed  the  centre  of  gravity  of  the 
earth,  and  thence  of  the  xiniyerse,  the  fall  of  the  weight,  it 
will  be  said,  restores  the  original  centre  of  gravity,  and  every- 
thing comes  back  to  its  original  status.  In  this  argnmentrwe 
again,  in  thought,  isolate  our  experiment;  we  neglect  sur- 
rounding circumstances.  Between  the  time  of  the  raising 
and  falling  of  the  weight,  be  the  interval  never  so  small, 
nay,  more,  during  the  rising  and  during  the  fall,  the  earth 
has  been  going  on  revolving  round  its  axis  and  round  the 
sun,  to  say  nothing  of  other  changes,  such  as  temperature, 
cosmical  magnetism,  &c.,  which  we  may  call  accidental,  but 
which,  if  we  knew  all,  would  probably  be  found  to  bo  as 
necessary  and  as  reducible  to  law  as  the  motion  of  the  earth. 
A  change  having  taken  place,  the  fall  of  the  weight  does 
not  bring  back  the  sUUw  quoj  but  other  changes  supervene, 
and  so  on.  Nothing  repeats  itself,  because  nothing  can 
bo  placed  again  in  the  same  condition:  the  past  is  irre- 
vocable. 


^3,  as  with  the  pla&etar)r  gphores,  bat    also  mole- 
,  or  throughout  its  moat  mtimate  stractnre  :  thus  every 
vlteralion    of    tcmperatore    produces    a  molecular    change 
liiroaghout  ibe    whole    substance    healed   or  cooled ;    slow 
diemical  or  electricat  ociiona,  actions  of  light  or  invisible 
nuliant  forces,  are  always  at  play,  so  that  as  a  fact  we  can- 
not predicate  of  any  portion  of  matter  that  it  is  absolutely  at 
lest.     Supposing,  however,  that  motion  is  not  an  indispeosar 
ble  fiiaclion  of  matler,  bat  that  matter  can  bo  at  rest,  matter 
at  rest  would  never  of  iteelf  cease  to  be  at  rest ;  it  would  not 
move  unless  impelled  to  sucb  motion  by  some  other  moving 
body,  or  body  which  has  moved.     Thia  proposition  applies 
not  merely  [o  impolsivo  motion,  as  when  a  ball  at  rest  is 
.   Struck  by  a  moving  body,  or  pressed  by  a  spring  which  has 
idy  been  moved,  but  to  motion  caused  by  attractions 
Bmagaetism  or  gravitation.     Suppose  apiece  of  iron 
t  in   contact  with  a  magnet  at  rest ;  if  it  be  desired  to 
I  move  the  iron  by  the  attraction  of  the  magnet,  the  magnet  or 
the  iron  must  first  be  moved ;  so  before  a  body  falls  it  must 
first  be  raised.     A  body  at  rest  would  therefore  coutinue  so 
for  ever,  and  a  body  once  in  motion  would  continue  bo  for 
ever,  in  ihu  same  direction  and  wilh  the  same  velocity,  un- 
less impeded  by  some  other  body,  or  aflected  by  some  other 
,  force  than  that  wliich  originally  impelled  it.     These  propo- 
L  tilions  may  seem  somewhat  arbitrary,  and  it  hoa  bccu  doubled 
whether  ihey  are  necessary  truths ;  they  have  for  a  long  lime  ■ 
1  received  aa  axioms,  and  there  can  at  all  events  be  no 
'  harm  in  accepting  them  as  postalatea.     Il  is  however  ver^ 
[  generally  believed  that  if  the  visible  or  palpable  motion  ol' 
one  body  be  arrested  by  imp&ct  on  another  body,  the  mo- 
Uou   ceases,    and  the    force    which   produced   it  is  annilii- 
lod. 
Now  tlic  view  wliich  I  venture  lo  submit  is,  that  force 
cannot  be  annihilated,  but  i^  merely  subdivided  or  altered  in 
I  direction  or  character.    First,  as  lo  direction.    Wave  your 
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hand :  the  motion,'  which  has  apparently  ceased,  is  taken  up 
by  the  air,  from  the  air  by  the  walls  of  the  room,  &c.,  and 
so  bj  direct  and  reading  waves,  contmnallj  comminuted,  but 
never  destroyed.  It  is  true  that,  at  a  certain  point,  we  lose 
all  means  of  detecting  the  motion,  from  its  minute  subdivi* 
sion,  which  defies  our  most  delicate  means  of  appreciation^ 
but  we  can  indefinitely  extend  our  power  of  detecting  it  ac- 
cording as  we  confine  its  direction,  or  increase  the  delicacy 
of  our  examination.  Thus,  if  the  hand  be  moved  in  uncon- 
fined  air,  the  motion  of  the  air  would  not  be  sensible  to  a  per* 
son  at  a  few  feet  distance  ;  but  if  a  piston  of  the  same  extent 
of  surface  as  the  hand  be  moved  with  the  same  rapidity  in  a 
tube,  the  blast  of  air  may  be  distinctly  felt  at  several  yards 
distance.  There  is  no  greater  absolute  amount  of  motion  in 
the  air  in  the  second  than  in  the  first  case,  but  its  direction 
is  restrained,  so  to  make  the  means  of  detection  more  facile. 
By  carrying  on  this  restraint,  as  in  the  air-gun,  we  get  a 
power  of  detecting  the  motion,  and  of  moving  other  bodies  at 
far  greater  distances.  The  puff  of  air  which  would  in  the 
air-gun  project  a  bullet  a  quarter  of  a  mile,  if  allowed  to  es- 
cape without  its  direction  being  restrained,  as  by  the  bursting 
of  a  bladder,  would  not  be  perceptible  at  a  yard  distance, 
though  the  same  absolute  amount  of  motion  be  impressed  on 
the  surrounding  air. 

It  may,  however,  be  asked,  what  becomes  of  force  when 
motion  is  arrested  or  impeded  by  the  counter-motion  of  another 
body?  This  is  generally  believed  to  produce  rest,  or  entire 
destruction  of  motion,  and  consequent  annihilation  of  force : 
so  indeed  it  may,  as  regards  the  motion  of  the  masses,  but  a 
new  force,  or  new  character  of  force,  now  ensues,  the  expo- 
nent of  which,  instead  of  visible  motion,  is  heat.  I  venture 
to  regard  the  heat  which  results  from  friction  or  percussion 
as  a  continuation  of  the  force  which  was  previously  a)ssocia- 
ted  with  the  moving  body,  and  which,  when  this  impinges  on 


another  body,  ccaaing  to  exist  as  gross,  palpable  molion,  eon 
tiauus  to  exist  as  beat. 

TbDB,  let  two  bodies,  A  and  B,  be  supposed  to  move  in 
opiHisitc  directions  (pntting  for  the  moment  out  of  question 
all  rejtiKlUQcc.  ancb  as  that  of  tho  air,  &c.),  ii'  they  pass  each 
other  vrithout  contact  each  will  move  on  for  ever  in  its  ro« 
Bpective  direction  with  tlie  same  velocity,  but  if  tbey  touch 
each  other  the  velocity  of  the  movcmeut  of  each  is  reduced, 
auil  each  becomes  heated :  if  this  contact  be  elight,  or  such  aa 
to  occasion  but  a  slight  diminution  of  tbuir  velocity,  as  when 
the  surfaces  of  the  bodies  are  oiled,  then  the  heat  is  slight ; 
but  if  the  contact  be  such  as  to  occasion  a  great  diminution 
of  motion,  as  in  percussion,  or  as  when  the  surfaces  are 
rougtieued,  then  the  heat  is  great,  so  that  in  all  cases  the  re- 
nting beat  ia  proportionate  to  the  diminished  velocity. 
Wheiv^  instead  of  resisting  and  consequently  impeding  tlie 
motion  of  the  body  A,  tho  body  B  gives  way,  or  il«clf  takes 
up  the  motion  originally  communicated  to  A,  then  we  have 
less  beat  in  proportion  to  the  motion  of  tho  body  B,  for  here 
the  operation  of  the  force  continues  in  the  form  of  palpable 
motion  :  tiuH  the  heat  resulting  from  friction  in  the  axle  of  a 
wheel  is  lessened  by  eurroimding  it  by  rollers  ;  these  take  up 
the  primary  motion  of  the  axle,  and  the  less,  by  this  means, 
the  iDitiiil  motion  i*  impvded,  the  less  is  the  resolting  boat. 
Again,  if  a  body  move  in  a  fluid,  although  some  heat  is  pro- 
dncod,  the  beat  is  apparently  trifling,  because  tho  particles  of 
the  fluid  ihemsutvea  move,  ami  continue  tho  motion  originally 
«munnnicaled  Iw  the  moviug  body :  for  every  portion  of  mo- 
lion  commiiiiicated  to  them  this  loses  au  equivalent,  and 
where  both  lose,  Uieu  an  equivalent  of  bent  results. 

As  Uie  converse  of  this  proposition,  it  should  follow  tbat 
the  mure  rigid  the  bodies  impinging  on  each  other  the  greater 
ahould  be  the  amount  of  heat  developed  by  friction,  and  eo 
wo  find  it.  Flint,  steel,  bard  stones,  glo^,  and  metals,  are 
lltOM  bodies  wliieh  give  the  greatest  amount  of  heat  from 
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friction  or  percassion ;  while  water,  oil,  &c.,  give  little  or  no 
heat,  and  from  the  ready  mobility  of  their  particles  lessen  its 
developement  when  interposed  between  rigid  moving  bodies. 
Thus,  if  we  oil  the  axles  of  wheels,  we  have  more  rapid  mo- 
tion of  the  bodies  themselves,  but  less  heat ;  if  we  increase 
the  resistance  to  motion,  as  by  roughening  the  points  of  con- 
tact, so  that  each  particle  strikes  against  and  impedes  the 
motion  of  others,  then  we  have  diminished  motion,  but  in- 
creased heat ;  or  if  the  bodies  be  smooth,  but  instead  of  slid- 
ing past  each  other  be  pressed  closely  together  and  then 
rubbed,  we  shall  in  many  cases  evolve  more  heat  than  by  the 
roughened  bodies,  as  we  get  a  greater  number  of  particles  in 
contact  and  a  greater  resistance  to  the  initial  motion.  I  can- 
not present  to  my  mind  any  case  of  heat  resulting  from  fric- 
tion which  is  hot  explicable  by  this  view :  friction,  according 
to  it,  is  simply  impeded  motion.  The  greater  the  impedi- 
ment, the  more  force  is  required  to  overcome  it,  and  the 
greater  is  the  resulting  heat ;  this  resulting  heat  being  a  con- 
tinuation of  indestructible  force,  capable,  as  we  shall  pres- 
ently see,  of  reproducing  palpable  motion,  or  motion  of  defi- 
nite masses. 

Whatever  be  the  nature  of  the  bodies,  rough  or  smooth, 
solid  or  liquid,  provided  there  be  the  same  initial  force,  and 
the  whole  motion  be  ultimately  arrested,  there  should  be  the 
same  amount  of  heat  developed,  though  where  the  motion  is 
carried  on  through  a  great  number  of  points  of  matter  we  do 
not  so  sensibly  perceive  the  resulting  heat  from  its  greater 
dissipation.  The  friction  of  fluids  produces  heat,  an  effect 
first  noticed  I  believe  by  Mayer.  The  total  heat  produced  by 
the  friction  of  fluids  should,  therefore,  it  will  be  said,  be 
equal  to  that  produced  by  the  friction  of  solids  ;  for  although 
each  particle  produces  little  heat,  the  motion  being  readily 
taken  up  by  the  neighbouring  particles,  yet  by  the  time  the 
whole  mass  has  attained  a  state  of  rest  there  has  been  the 
same  impeding  of  the  initial  motion  as  by  the  friction  of  sol* 


ida  if  produced  hy  (be  same  initial  force.  If  tho  beat  be 
viewed  in  the  aggregate,  and  allowance  be  made  for  Ibe  epo 
trific  thermal  capacitj  of  tbc  Bubetonces  cmpluyed,  it  probably 
ia  the  same,  though  apparently  Icbs  ;  iho  htat  in  iho  case  of 
Bulida  being  monifeslcd  at  ccrlaia  dctiucd  poinlti,  while  in 
Uuil  of  fluids  it  is  dissipated,  bulb  tbc  time  and  space  during 
and  through  which  the  motioB  is  propagated  difler  in  tho  two 
CB8CS,  so  that  tho  heat  in  the  latter  cose  ia  more  readil/  car- 
ried off  by  Borrounding  bodies. 

If  the  body  be  clastic,  and  by  its  reaction  tho  motion  im- 
pressed on  it  by  the  initial  force  be  continued,  then  the  heat 
is  proportionately  less  ;  and  were  »■  subatance  perfectly  elas- 
tic, and  no  resistance  opposed  to  it  by  the  air  or  other  mat- 
ter, tlien  tho  movi-nient  once  impressed  would  be  perpetual, 
and  no  heat  would  reetilt.  A  ball  of  caoutchouc  bandiutl 
al»out  for  many  minutes  between  a  racket  and  a  wall  ia  not 
j>erc«plibly  lieated,  while  a  leaden  bullet  projected  by  a  gon 
against  a  wall  is  rundcrod  so  hot  as  to  be  intolerable  to  the 
touch  :  in  the  former  case,  the  motion  of  the  moss  is  contin- 
ued by  tlio  reaction  due  to  its  elasticity ;  in  the  latter,  the 
motion  of  llic  mass  is  oxtiagnished,  and  Lcat  ensues. 

A  pendulum  qtartcd  in  the  exhaoated  receiver  of  an  aii^ 
[lump  coDtinaes  its  oscillation  for  hours  or  evea  days ;  tlie 
frictioD  at  its  point  of  suspension  and  the  resislauco  of  tho 
air  is  miuimisod,  and  the  heat  is  imperceptible,  but  these  tri- 

g  roatstances  in  the  end  arrest  the  motion  of  the  mass,  the 
Olio  giving  it  out  as  heat,  the  other  convoying  the  force  to  the 
receiver,  and  ibence  lo  surrounding  l)odios,  Slaiilar  reason- 
iDg  may  bo  applied  to  the  oscillation  of  a  coiled  spring  and 
balance  wheel. 

To  wind  up  a  clock  a  certain  amount  of  force  is  expended 
by  the  arm ;  this  force  is  given  bock  by  the  descent  of  the 
weight,  the  wheels  move,  the  pendulum  is  kept  oscillating, 
beat  ia  generated  at  each  point  of  friction,  and  the  surround- 

air  is  Bet  in  motion,  e.  port  of  which  is  made  obvious  lo 
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lis  by  the  tickiiig  sound.  But  it  win  be  said,  if  instead  of 
allowing  the  weight  to  act  upon  the  machinery,  the  cord  by 
which  it  is  suspended  be  cut,  the  weight  drops  and  the  force 
is  at  an  end.  By  no  means,  for  in  this  case  the  house  is 
shaken  by  the  concussion,  and  thus  the  force  and  motion  are 
oontmued,  while  in  the  former  case  the  weight  reaches  the 
ground  quietly,  and  no  evidence  of  force  or  motion  is  mani- 
fested by  its  impact,  the  whole  having  been  previously  dissi- 
pated. 

If  the  initial  motion,  instead  of  being  arrested  by  the  im- 
pact of  other  bodies,  as  in  Mction  or  percussion,  is  impeded 
by  confinement  or  compression,  as  where  the  dilatation  of  a 
gas  is  prevented  by  mechanical  means,  heat  equally  results : 
thus  if  a  piston  is  used  to  compress  air  in  a  closed  vessel,  the 
compressed  air  and,  from  it,  the  sides  of  the  vessel  will  bo 
heated :  the  air  being  unable  to  take  up  and  carry  on  the 
original  motion  communicates  molecular  motion  or  expansion 
to  all  bodies  in  contact  with  it ;  and,  conversely,  if  we  ex- 
pand air  by  mechanical  motion,  as  by  withdrawing  the  pis- 
ton, cold  is  produced.  So  when  a  solid  has  its  particles  com- 
pressed or  brought  nearer  together,  as  when  a  bar  of  iron  is 
hammered,  heat  is  produced  beyond  that  y^hich  is  due  to  per- 
cussion alone.  In  this  latter  case  we  cannot  very  easily  ef- 
fect the  converse  result,  or  produce  cold  by  the  mechanical 
dilatation  of  a  solid,  though  the  phenomena  of  solution, 
where  the  particles  of  a  solid  are  detached  from  each  other, 
or  drawn  more  widely  asunder,  give  us  an  approximation  to 
it :  in  the  case  of  solution  cold  is  produced. 

We  are  from  a  very  extensive  range  of  observation  and 
experiment  entitled  to  conclude  that,  with  some  curious  ex- 
ceptions to  be  presently  noticed,  whenever  a  body  is  com- 
pressed or  brought  into  smaller  dimensions  it  is  heated,  i.  e. 
it  expands  neighbouring  substances.  Whenever  it  is  dilated 
or  increased  in  volume  it  is  cooled,  or  contracts  neighbouring 
substances. 
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Ur.  JouJo  )iBS  made  a  great  nunilicr  of  experimcnU  for 
Ihc  purpose  of  ascertainuig  what  quoulity  of  heat  ie  produced 
hy  a  given  mecbanical  action.     Ilia  mode  of  experimenting 
is  as  follows.     An  apparatus  formed  of  floats  or  puddles  of 
brosB  or  iron  b  made  to  rotate  in  a  bath  of  water  or  mercu- 
ry.    The  power  'which  gives  rise  to  this  rotation  is  a  woigbt 
raided  like  a  clock-weight  to  a  certain  height ;  this  by  acting 
during  its  fall  on  a  spindle  and  pulley  communicates  motion 
to  the  paddle-wheel,  the  water  or  mercury  serring  as  ft  fric- 
tion medium  and  calorimeter ;  aud  the  heat  is  measured  by  a 
delicate  mercurial  thermometer.     The  results  of  hia  expcri- 
tnents  he  considers  prove  that  s  fall  of  772  lbs.  through  a 
[  apaca  of  one  foot  is  able  to  raise  the  temperature  of  one 
[  pound  of  wafer  through  one  degree  of  Fahrenheit's  thenuom- 
I  eter.     Mr.  Joule's  experiments  arc  of  extreme  delicacy — ho 
tabulates  to  the  thoueaudtii  part  of  a  degree  of  Fahrenheit, 
And  a  large  oumbor  of  his  thermometric  data  are  compre- 
ded  within  the  lioihs  of  a  ainglo  degree.     Other  experi- 
mentera  have  given  very  different  numcri'.'at  results,  but  the 
general  opiuioo  seems  to  be  that  the  numbers  given  by  Mr. 
I  Joule  are  the  uearcst  approximation  to  the  truth  yvt  obtuiued. 
Hitherto  I  have  taken  no  diatinotion  as  to  tlic  physical 
I  character  of  the  bodies  impingiug  ou  each  otlier ;  but  Nature 
I  girus  us  a  remurkable  diSurcnoo  in  llie  character  or  uiodo  of 
I  the  forctt  ol!nmuitcd  by  friction,  accordingly  as  the  bojiea 
I  whidi  impingo  are  homogeneous  or  fict^rogeneous :  if  the 
I  brmer,  beat  aloac  U  produced ;  if  the  latter,  electricity. 

Wo  tind,  iudecd,  inslaneos  given  by  authors,  of  eloctrieity 
[  resulting  from  tlio  frictiou  of  homogeneous  bodies ;  but,  as  I 
I  stated  in  my  original  Lectnres,  I  have  not  foimd  such  facta 
I  confirmed  by  my  own  experiments,  and  this  conclusion  haa 
I  been  corroborated  by  some  experiments  of  Professor  Ernutn, 
'  communicated  to  the  meeting  of  the  British  Association  in 
the  year  1845,  in  whicli  ho  found  that  no  electricity  resulted 
tram  the  friction  of  perfectly  homogeneous  substances ;  as, 
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for  instance,  the  ends  of  a  broken  bar.  Such  experiments  as 
these  will,  indeed,  be  seldom  free  from  slight  electrical  cur^ 
rents,  on  account  of  the  practical  difficulty  of  fulMing  the 
condition  of  perfect  homogeneity  in  the  substances  themselves, 
their  size,  their  temperature,  &c. ;  but  the  effects  produced 
are  very  trifling  and  vary  in  direction,  and  the  resultcmt  effect 
is  nought.  Indeed,  it  would  be  difficult  to  conceive  the  con- 
trary. How  could  we  possibly  image  to  the  mind  or  de- 
scribe the  direction  of  a  current  from  the  same  body  to  the 
same  body,  or  give  instructions  for  a  repetition  of  the  expert 
iment?  It  would  be  unintelligible  to  say  that  in  rubbing  to 
and  fro  two  pieces  of  bismuth,  iron,  or  glass,  a  current  of 
electricity  circulated  frt)m  bismuth  to  bismuth,  or  from  iron 
to  iron,  or  from  glass  to  glass ;  for  the  question  immediately 
occurs — ^from  which  bismuth  to  which  does  it  circulate? 
And  should  this  question  be  answered  by  calling  one  piece 
A,  and  the  other  B,  this  would  only  apply  to  the  particular 
specimens  employed,  the  distinctive  appellation  denoting  a 
distinction  in  &ct,  as  otherwise  A  could  be  substituted  for  B, 
and  the  bar  to  which  the  positive  electricity  flowed  would  in 
turn  become  the  bar  to  which  the  negative  electricity  flowed. 
TVe  may  say  that  it  circulates  from  rough  glass  to  smooth, 
from  cast  iron  to  wrought,  for  here  there  is  not  homogeneity. 
It  is  moreover  conceivable,  that  when  the  motion  is  contin- 
uous in  a  definite  direction,  electricity  may  result  from  the 
friction  of  homogeneous  bodies.  If  A  and  B  rub  against 
each  other,  revolving  in  opposite  directions,  concentric  cur- 
rents of  positive  and  negative  electricity  may  be  conceived 
circulating  within  the  metals,  and  be  described  by  reference 
to  the  direction  of  their  motion ;  this  indeed  would  be  a  dif- 
ferent phenomenon  from  those  we  have  been  considering ;  but 
without  some  distinction  between  the  two  substances  in  qual- 
ity or  direction,  the  electrical  effects  are  indescribable,  if  not 
inconceivable. 

When,  however,  homogeneous  bodies  are  fractured  or 


I 
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even  mbbcd  togelhcr,  plienomcna  axo  observed  to  wliich  die 
term  elDclricitj  is  applied  ;  a  flash  or  line  of  light  appear*  at 
the  point  of  friction  which  hy  aome  is  called  electrical,  l)^ 
others  phosphorescent. 

I  have  mjBelf  observed  a  remarkablo  case  of  the  kind  in 
tho  caoutchoQC  fabric  now  commooly  used  for  waterproof 
clothing:  if  two  folds  of  this  substance  be  allowed  to  cohere 
to  as  partly  to  unite  and  present  a  difficiilty  of  separation, 
then,  on  stripping  the  one  from  the  other,  or  tearing  them 
Mundor,  a  line  of  UgUt  will  follow  the  line  of  separation. 

If  this  class  of  phenomena  be  electrical,  it  is  electricity 
determined  as  it  ia  generated  ;  there  is  no  dual  character  im- 
pressed on  the  matter  acting,  the  flash  is  electrical  as  a  spark 
&om  the  percosslon  of  flint  Is  electrical,  or  as  the  slow  com- 
bustion of  phosphorus,  or  any  other  case  of  the  dcTelopment 
of  heat  and  light.  It  ecoms  to  bo  better  to  class  this  phe* 
Bomenon  tinder  the  categories  of  heat  and  light  than  under 
that  of  electricity,  the  latter  word  being  retained  for  those 
cases  where  a  dual  or  polar  character  of  force  is  manifested. 
In  cspcrimcnts  which  have  been  made  by  tho  friction  of  sim- 
flar  substances  where  the  one  appears  positively  and  the 
other  negatively  electrical,  there  will  bo  found  some  diflcr- 
Kico  in  the  mode  of  rubbing;  by  which  the  molccidar  stale  of 
tho  ImmUcs  ia  Id  all  probability  changed,  making  one  a  dlaaini- 
ilar  substance  from  the  otlier ;  thus  it  is  said  by  Bcrgmann, 
that  when  two  pieces  of  glass  arc  rubbed  so  that  all  the  partti 
of  one  pass  over  one  part  of  the  other,  the  former  is  positive 
and  tho  latt«r  negative.  It  Is  obvious  that  in  this  case  tho 
rubbing  in  one  is  conflned  to  a  line,  and  that  must  be  more 
altered  lo  molecular  structure  at  the  line  of  friction  than  the 
one  where  the  friction  ia  spread  over  the  whole  surface :  so 
if  a  ribbon  be  draivn  transversely  over  onothcr  ribbon,  the 
flubstancoa  are  not,  ijua  tho  rubbing  action,  Identical ;  so 
Mgnin,  in  the  rupture  of  crystals,  we  are  dealing  with  eab- 
Mances  having  n  polar  anangement  of  particles— the  surfaces 
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of  the  fragments  cannot  be  assumed  to  be  molccularly  identi* 
cal. 

The  developemcnt  of  electricity  bj  the  common  electrical 
machine  arises,  as  far  as  I  can  understand  it,  from  the  sepa* 
ration  or  rupture  of  contiguity  between  dissimilar  bodies ;  a 
metallic  surface,  the  amalgam  of  the  cushion,  is  in  contact 
with  glass ;  these  two  bodies  act  upon  each  other  by  the  force 
of  cohesion ;  and  when,  by  an  external  mechanical  force, 
this  is  ruptured,  as  it  is  at  each  moment  of  the  motion  of  the 
glass  plate  or  cylinder,  electricity  is  developed  in  each ;  were 
they  similar  bodies,  heat  only  would  be  developed. 

According  to  the  experiments  of  Mr.  Sullivan  electricity 
may  be  produced  by  vibration  alone  if  the  substance  vibra- 
ting be  composed  either  of  dissimilar  metals,  as  a  wire  partly 
of  iron  and  partly  of  brass  caused  to  emit  a  musical  sound ; 
or  of  the  same  metal,  if  its  parts  be  not  homogeneous,  as  a 
piece  of  iron,  one  portion  of  which  is  hard  and  crystallised 
and  the  other  soft  and  fibrous ;  the  current  resulting  appears 
to  be  due  to  the  vibration,  and  not  to  heat  engendered,  as  it 
ceases  immediately  with  the  vibration. 

We  may  say,  then,  that  in  our  present  state  of  knowledge, 
where  the  mutually  impinging  bodies  are  homogeneous,  heat 
and  not  electricity  is  the  result  of  friction  and  percussion ; 
where  the  bodies  impinging  are  heterogeneous,  we  may  safely 
state  that  electricity  is  always  produced  by  friction  or  percus- 
sion, although  heat  in  a  greater  or  less  degree  accompanies 
it ;  but  when  we  come  to  the  question  of  ratio  in  which  fric- 
tional  electricity  is  produced,  as  determined  by  the  different 
characters  of  the  substances  employed,  we  find  very  complex 
results.  Bodies  may  differ  in  so  many  particulars  which  in- 
fluence more  or  less  the  developemcnt  of  electricity,  such  as 
their  chemical  constitution,  the  state  of  their  surfaces,  their 
state  of  aggregation,  their  transparency  or  opacity,  their 
power  of  conducting  electricity,  &c.,  that  the  normce  of  their 
action  are  very  difficult  of  attainment.     As  a  general  rule,  it 
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may  bo  said  that  the  iIcvelDpement  of  electricity  is  greater 
when  the  substances  employed  are  broadly  distinct  in  their 
phyBJcol  and  chemical  quitUtics,  and  more  particolarly  in  tlieir 
conducting  powers  !  but  np  to  the  present  time  tlie  laws  gov- 
ig  such  developement  have  not  been  even  approximataty 
delenninod. 

I  have  said,  in  referencs  to  the  various  forces  or  affections 
of  matter,  that  either  of  them  may,  mediately  or  immediately, 
proilacc  the  others  ;  ancl  tliia  is  all  I  can  venture  to  prcdicuto 
of  them  in  the  present  state  of  acience  ;  but  after  mneh  con- 
sideration I  incline  strongly  to  the  opinion  that  science  is  rap- 
idly progressing  towards  the  establishment  of  immediate  or 
direct  relations  between  all  ttiose  forces.  Where  at  present 
no  immediate  relation  is  established  between  any  of  tljem, 
electricity  generally  forms  the   intervening  link  or  middle 

Motion,  then,  will  directly  prodace  heat  and  clectriciiy, 
and  electricity,  being  produced  by  it,  will  produce  magnclism 
—a  force  which  is  always  developed  by  electrical  currents  at 
right  angles  to  the  direction  of  those  currents,  as  will  be  snb- 
sequeotly  more  fully  explained.  Light  also  is  readily  pro- 
duced by  motion,  either  directly^  as  when  accompanying  tlie 
heat  of  friction,  or  mediately,  by  electricity  resulting  fi»m 
mo^on ;  as  in  the  electrical  spark,  which  has  most  of  the  at- 
tribttt«s  of  solar  light,  differing  from  it  only  in  those  respects 
in  which  light  differs  when  emanating  from  different  sources 
or  aeon  throngfa  different  media ;  for  instance,  in  the  position 
of  the  fixed  lines  in  the  spectrum  or  in  iLe  ratios  of  the  spaces 
occupied  by  rays  of  different  refrangibility.  In  the  decom- 
positions and  compositions  which  the  terminal  points  proceed- 
ing tram  the  conductors  of  an  electrical  machine  dovolope 
when  immersed  in  different  chemical  media,  wo  get  tlio  pro- 
duction of  chemical  affinity  by  electricity,  of  which  motion  is 
the  initial  aonrce.  Lastly,  molion  may  be  again  reproduced 
by  the  forces  which  have  «maaaled  from  motion  ;  thns,  tho 
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diyergenoe  of  the  electrometer,  the  reyohition  of  the  electri- 
cal wheel,  the  deflection  of  the  magnetic  needle,  are,  when 
resulting  from  frictional  electricity,  palpable  movements  re- 
produced by  the  intermediate  modes  of  force,  which  have 
themselves  been  originated  bj  motion* 


ill.  — HEAT. 


IF  wo  now  toko  Heat  as  our  starting  point,  we  slinll  find 
that  the  other  moiies  of  forra  taaj  bo  readily  produced  by 
it.  To  take  motion  firflt :  this  ia  so  generally,  I  think  1  may 
any  invariahly,the  immediate  cfiectof  heat,  thatwe  may  almost, 
if  not  entirely,  resolve  heat  into  motion,  and  view  it  as  a 
mechanically  rcpolsiTe  force,  a  force  antagonist  to  attraction 
of  cohesion  or  aggregation,  and  tcading  to  laove  the  particles 
of  bII  bodies,  or  to  separate  them  from  each  other. 

It  may  he  well  here  to  premise,  that  in  using  the  terms 
'  particles  '  or  '  molecules,'  which  will  be  frequently  employed 
in  this  Essay,  I  do  not  use  them  in  the  sense  of  the  atomist, 
or  mean  to  asaort  that  matter  consists  of  indivisible  particlea 
or  atoms.  The  words  will  bo  used  for  the  necessary  purpose 
of  cootradistinguisbing  the  action  of  the  indefini tely  minute  phy- 
sical  elements  of  matter  from  that  of  masses  having  a  sen 
ble  magnitude,  much  in  the  same  way  as  the  term  '  lines  ' 
'points'  maybe  used,  and  with  advantage  in  an  abstract 
sense  ;  though  there  docs  not  exist,  in  fact,  a  thing  which  has 
length  and  breddth  without  thickness,  and  though  a  thing  with- 
out parts  or  dimensions  is  nothing. 

If  we  put  aside  the  sensation  which  heat  produces  in  our 
own  bodies,  and  regard  heat  simply  as  to  its  cficcts  upon  in- 
organic matter,  we  find  that,  with  a  very  few  exceptions,  which  I 
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shall  preflentlj  notice,  the  effects  of  what  is  called  heat  an 
simplj  an  expansion  of  the  matter  acted  iqxm,  and  that  the 
matter  so  expanded  has  the  power  hy  its  own  contraction  of 
communicating  expansion  to  all  bodies  in  contiguity  with  it. 
Thus,  if  the  body  be  a  solid,  for  instance,  iron,  a  liquid,  saj 
water,  or  a  gas,  saj  atmospheric  air— each  of  these,  when 
heated,  is  expanded  in  eyery  direction ;  in  the  two  former 
cases,  by  increasing  the  heat  to  a  certain  point,  we  change 
the  physical  character  of  the  substance,  the  solid  becomes  a 
liquid,  and  the  liquid  becomes  a  gas ;  these,  however,  are 
still  expansions,  particularly  the  latter,  when,  at  a  certain 
period,  the  expansion  becomes  rapidly  and  indefinitely  greater. 
But  what  is,  in  fact,  commonly  done  in  order  to  heat  a  sub- 
stance, or  to  increase  the  heat  of  a  substance  ?  it  is  merely 
approximated  to  some  other  heated,  that  is,  to  some  other 
expanded  substance,  which  latter  is  cooled  or  contracted  as 
the  former  expands.  Let  us  now  divest  the  mind  of  the  impres- 
sion that  heat  is  in  itself  anything  substantive,  and  suppose 
that  these  phenomena  are  regarded  for  the  first  time,  and 
without  any  preconceived  notions  on  the  subject ;  let  us  in- 
troduce no  hypothesis,  but  merely  express  as  simply  as  we 
can  the  facts  of  which  wo  have  become  cognisant ;  to  what 
do  they  amount?  to  this,  that  matter  has  pertaining  to  it  a 
molecular  repulsive  power,  a  power  of  dilatation,  which  is 
communicable  by  contiguity  or  proximity. 

Heat  thus  viewed,  is  motion,  and  this  molecular  motion 
we  may  readily  change  into  the  motion  of  masses,  or  motion 
in  its  most  ordinary  and  palpable  form :  for  example,  in  the 
steam  engine,  the  piston  and  all  its  concomitant  masses  of 
matter  ore  moved  by  the  molecular  dilatation  of  the  vapour  of 
water. 

To  produce  continuous  motion  there  must  be  an  alternate 
a(!tion  of  heat  and  col^;  a  given  portion  of  air,  for  instance, 
heated  beyond  the  temperature  of  the  circumambient  air,  is 
expanded.     If  now  it  be  made  to  act  on  a  movable  piston,  it 
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moves  this  to  a  point  at  which  the  tension  or  eloslic  force  of 
the  confined  air  cqnals  that  of  the  surrounding  air.  K  tha 
confined  air  bo  kopt  at  tbis  point,  the  piston  would  remain 
BlalioDary ;  but  if  it  bo  cooled,  the  cslemal  air  exercising 
tLen  a  greater  relative  degree  of  preBsure,  the  piston  returns 
towards  its  original  position ;  just  as  it  will  be  seen,  when  wo 
come  to  the  magnetic  force,  that  a  magnet  placed  in  a  partitv 
nlar  poBition  produces  motion  in  iron  near  it,  bat  to  mako 
ttuB  motion  continuous,  or  to  obtain  an  avaQablo  mocbanieal 
power,  the  magnet  must  bo  demagnetised,  or  a  stable  equili- 
brium is  obtained. 

In  the  case  of  the  pielon  moved  by  heated  air  Ike  moliou 
of  llic  mass  becomes  the  exponent  of  the  amount  of  heat — 
L  e.  of  the  expansion  or  separation  of  the  moloculus ;  uor  do 
we,  by  any  of  our  ordinary  methods,  teat  heat  in  any  other 
way  than  by  its  purely  dynamical  action.  The  various  modi- 
fiefttioDS  of  the  tbcrmomcler  and  pyrometer  are  all  measure 
ers  of  heat  by  motion :  in  these  instruments  Uquid  or  solid 
bodies  are  expanded  and  elongated,  i.  e.  moved  in  a  definite 
direi^tion,  and,  eitier  by  their  ovro  visible  motion,  or  by  the 
motion  of  an  attached  index,  communicate  to  our  senses  the 
amount  of  the  force  by  which  they  moved.  There  are,  in- 
deed, some  delicate  experiments  which  tend  to  prove  tliat  a 
repulsive  action  between  separate  masses  is  produced  by  heat. 
Frcsnel  found  that  mobile  bodies  heated  in  an  exhausted  re- 

'cr  repelled  each  other  to  sensible  distances  ;  and  Baden 
h  Powell  fonod  that  the  colonrcd  rings  usually  called  Newton's 
rings  change  their  breadth  and  position,  when  the  glosses  be- 
tween which  they  appear  are  healed,  in  a  manner  which 
chowed  that  tha  glasses  repelled  each  other.  M.  Fayc's  the- 
ory of  comets  is  ba?ed  on  some  such  repellent  fbrce.  Tbera 
is,  however,  some  dilEcully  in  presenting  these  phenomena  to 
the  mind  in  the  sttmc  aspect  as  the  molecular  repulsive  action 
of  heat. 

The  phenomeaa  of  what  ia  Icnned  latent  hoat  have  been 
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generally  considered  as  strongly  m  faYOur  of  that  view  wbick 
regards  heat  either  as  actual  matter,  or,  at  all  eyents,  as  a 
substantive  entity,  and  not  a  motion  or  affection  of  ordinary 
matter. 

The  hypothesis  of  latent  matter  is,  I  ventore  with  diffi« 
dcnce  to  think,  a  dangerous  one — ^it  is  something  like  the  old 
principle  of  Phlogiston,  it  is  not  tangible,  visible,  audible ; 
it  is,  in  fact,  a  mere  subtle  mental  conception,  and  ought,  I 
submit,  only  to  be  received  on  the  ground  of  absolute  neces- 
sity, the  more  so  as  these  subtleties  are  apt  to  be  carried  on 
to  other  natural  phenomena,  and  so  they  add  to  the  hypothe- 
tical scaffolding  which  is  seldom  requisite,  and  should  be 
sparingly  used,  even  in  the  early  stages  of  discovery.  As  an 
instance,  I  think  a  striking  one,  of  the  injurious  effects  of 
this,  I  will  mention  the  analogous  doctrine  of  ^  invisible  light ;  * 
and  I  do  this,  meaning  no  disrespect  to  its  distinguished  au- 
thor, any  more  than  in  discussing  the  doctrine  of  latent  heat, 
I  can  be  supposed,  in  the  slightest  degree,  to  aim  at  detract>- 
ing  from  the  merits  of  the  illustrious  investigators  of  the  facts 
which  that  doctrine  seeks  to  explain.  Is  not  ^  invisible  light,' 
a  contradiction  in  terms?  has  not  light  ever  been  regarded  as 
that  agent  which  affects  our  visual  organs?  Invisible  light, 
then,  is  darkness,  and  if  it  exist,  then  is  darkness  light.  I 
know  it  may  be  said,  that  one  eye  can  detect  light  where 
another  cannot ;  that  a  cat  may  see  where  a  man  cannot ;  that 
an  insect  may  see  where  a  cat  cannot ;  but  then  it  is  not 
invisible  light  to  those  who  see  it :  the  light,  or  rather  the 
object  seen  by  the  cat,  may  be  invisible  to  the  man,  but  it 
is  visible  to  the  cat,  and,  therefore,  cannot  abstractedly  be 
said  to  be  invisible.  If  we  go  further,  and  find  an  agent 
which  affects  certain  substances  similarly  to  light,  but  does 
not,  as  far  as  we  are  aware,  affect  the  visual  organs  of  any 
animal,  then  is  it  not  an  erroneous  nomenclature  which  calls 
such  an  agent  light?  There  are  many  cases  in  which  a  de- 
viation from  the  once  accepted  meaning  of  words  has  so  grad* 
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ually  eulored  into  common  UBflgo  as  to  be  unavoiilaljle,  but  I 
venture  to  think  that  additions  to  But-h  cuaea  ehonld  as  fur 
fts  posaible  be  avoidetl,  UB  injurious  to  timt  prociaion  of  lan- 
guage which  is  one  of  the  safeat  guards  to  kuowI(>dge,  and 
from  the  abacnce  of  which  physical  Bcicnco  has  materially 
suffered. 

Let  ns  now  ahortly  examine  the  qacalioQ  of  latent  heat, 
anil  see  whether  the  phenomena  cannot  be  as  well,  if  not 
more  Eatiafactorily,  explained  without  the  hypothesis  of  la- 
tent matter,  an  idea  presenting  many  similar  difficulties  to 
tlutt  of  invisible  light,  though  more  sanctioned  by  usage. 
Lutcnt  heat  is  sapposod  to  be  Ihc  matter  of  heat,  osaoeialed, 
n  a  masked  or  dormant  state,  with  ordinary  matter,  not  ca- 
pable of  being  deleeted  by  any  lest  eo  long  aa  the  mutter  with 
which  it  b  asaociated  remaioB  la  the  same  physical  atate,  but 

uuunicaled  to  or  absorbed  from  other  bodies,  when  the 
matter  with  which  it  is  associateil  changes  its  slate.  To 
take  a  common  oxamplo :  a  pound  or  given  weight  of  water 
I  172',  mixed  with  aa  oqiial  weight  of  water  at  32%  will 
acquire  a  mean  temperature,  or  102"  ;  while  water  at  172°, 
mixed  witli  as  equal  weight  of  ico  at  32'^,  will  be  reduced  to 

.  By  tbe  theory  of  latent  heat  this  phenomenon  ia  thus 
explained : — In  the  firat  case,  that  of  the  mixture  of  water 
with  water,  both  the  bodies  being  in  the  eame  phyatcal  state, 
a  latent  heat  is  rendered  sensible,  or  eenaiblc  heat  latent ; 
ut  in  the  second,  the  ice  changing  ite  condition  from  the  solid 
to  the  liquid  state  abstracts  from  the  liquid  aa  much  heat  as 
it  requires  to  maintain  it  in  the  liquid  state,  wliich  it  reuders 
latent,  or  retains  associated  with  itself,  so  long  as  it  rcmaias 
liquid,  hut  of  whicli  heat  no  evidence  can  bo  aiTorded  by  any 
thermoscopic  lest. 

I  believe  this  and  similar  phenomena,  where  heat  is  oon* 
necled  with  a  change  of  state,  may  be  explained  and  dia- 
tinclly  comprehended  without  recourse  to  the  conception  of 
latent  beat,  though  it  requires  some  effort  of  tlic  mind  to  di- 
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vest  itself  of  this  idea,  and  to  view  the  phenomena  simplj  in 
their  dynamical  relations.  To  assist  us  in  so  viewing  them, 
let  us  first  parallel  with  purely  mechanical  actions,  certain 
simple  effects  of  heat,  where  change  of  state  (I  mean  such 
change  as  from  the  solid  to  the  liquid,  or  liquid  to  the  gase- 
ous state)  is  not  concerned.  Thus,  place  within  a  receiver  a 
bladder,  and  heat  the  air  within  to  a  higher  temperature 
than  that  without  it,  the  bladder  expands ;  so,  force  the  air 
mechanicallj  into  it  bj  the  air-pump,  the  bladder  expands ; 
cool  the  air  on  the  outside,  or  remove  its  pressure  mechani- 
callj  by  an  exhausting  pump,  the  bladder  also  expands ;  con- 
versely, increase  the  external  repellent  force,  either  by  heat 
or  mechanical  pressure,  and  the  bladder  contracts.  In  the 
mechanical  effects,  the  force  which  produced  the  distension 
is  derived  from,  and  at  the  expense  of,  the  mechanical  power 
employed,  as  from  muscular  force,  from  gravitation,  from  the 
reacting  elasticity  of  springs,  or  any  similar  force  by  wliich 
the  air-pump  may  be  worked.  In  the  heating  effects,  the 
force  is  derived  from  the  chemical  action  in  the  lamp  or 
source  of  heat  employed. 

Let  us  next  consider  the  experiment  so  arranged  that  the 
force,  which  produces  expansion  in  the  one  case,  produces  a 
correlative  contraction  in  the  other :  thus,  if  two  bladders, 
with  a  connecting  neck  between  them,  be  half-filled  with  air, 
as  the  one  is  made  to  contract  by  pressure  the  other  will  di- 
late, and  vice  vers4 ;  so  a  bladder  partly  filled  with  cold  air, 
and  contained  within  anodier  filled  with  hot  air,  expands, 
while  the  space  between  the  bladders  contracts,  exhibiting  a 
mere  transfer  of  the  same  amount  of  repulsive  force,  the 
..^jnobility  of  the  particles,  or  their  mutual  attraction,  being 
the  same  in  each  body ;  in  other  words,  the  repulsive  force 
acts  in  the  direction  of  least  resistance  until  equilibrium  is 
produced ;  it  then  becomes  a  static  or  balanced,  instead  of  a 
dynamic  or  motive  force. 

Let  us  now  consider  the  case  where  a  solid  is  to  bo 
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changed  to  a  liquid,  or  a  liquid  to  a  gas ;  here  a  mtich  grsnt* 
er  iLmount  of  heat  or  repohiire  force  is  required,  oil  account 
of  the  cohesion  of  the  particles  to  he  separated.  In  order  to 
t^;piirate  the  particles  of  llie  solid,  preciaelj  as  much  force 
man  be  parted  with  by  the  wanner  liquid  body  as  keeps  an 
equal  quantity  of  it  in  its  liqniJ  slolo  ;  it  is,  indeed,  only  with 
a  more  striking  line  of  demarcation,  the  case  of  the  hot  and 
cold  bladder — a  part  of  the  repellent  power  of  the  hot  parti- 
cles is  transferred  to  the  cold  particles,  and  separates  them  in 
their  tnm,  but  the  anlagonlet  force  of  cohesion  or  ^gregatiou 
eocssory  to  be  overcome,  being  in  this  case  much  stronger, 
requires  and  exhaasls  an  eiaclly  proportionate  amount  of 
rciwlleat  foreo  mechanieully  to  overcome  it ;  hence  the  differ- 
ent effect  on  a  body  such  as  the  common  thermometer,  the 
expanding  liquid  of  which  docs  not  undergo  a  similar  change 
of  state.  Thus,  in  tlie  example  above  given,  of  the  mixture 
of  cold  witli  Ijot  water,  the  hot  and  cold  water  and  tho 
mercury  of  the  thermometer  being  all  in  a  liquid  stale  before, 
and  remaining  so  after  contact,  ihe  resulting  temperature  is 
i  exact  meau  ;  the  hot  water  contracts  to  a  certain  extent, 
tlie  cold  water  expands  to  the  same  extent,  and  the  ther* 
mometpr  cither  slaks  or  rises  the  samo  number  of  degrees, 
accordingly  aa  it  had  been  previously  immersed  in  the  cold 
or  in  the  hot  solution,  its  mercury  gaining  or  losing  an  equiva- 
lent of  ropcUont  force.  In  the  second  instance,  viz. 
ttiro  of  ice  with  hot  water,  the  substance  we  use  as  an  indi- 
cator,  i.  c.  mercnry,  does  not  undei^  the  same  physical 
change  as  those  whose  relations  of  volume  we  ore  cxamtuing. 
The  force — n'ewlng  heat  simply  as  mechanical  force — which 
is  employed  in  looscoing  oi  tearing  asunder  the  particles  of 
I  solid  ice,  is  abstracted  from  the  h'quid  water,  and  from 
tlie  liquid  mercury  of  the  Ihennometcr,  and  in  proportion  as 
this  force  mecta  with  a  greater  resistance  in  separating 
Iho  particIeB  of  ft  solid  than  of  a  liquid,  so  the  bodies 
which  yield  the  force  suffer  prnporliouately  a  greater 
,  InuUion. 
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If  we  compare  the  action  of  heat  on  the  two  eabBtanceB) 
water  and  mercnry,  alone,  and  throw  oat  of  onr  consideratloD 
the  ice,  we  shall  be  able  to  apply  the  same  view :  thus,  if  a 
given  eonrce  of  heat  be  ^plied  to  water  containing  a  mercu- 
rial thermometer,  both  the  water  and  merctuy  gradually  ex- 
pand, bat  in  difierent  .degrees ;  at  a  certain  point  the  attrao 
tive  fbrce  of  the  molecides  of  the  water  is  so  far  overcome 
that  the  water  becomes  vaponr.  At  this  point,  the  heat  or 
force,  meeting  with  much  less  resistance  from  the  attraction 
of  the  particles  of  steam  than  from  those  of  the  merctiry,  ex- 
pends itself  npon  the  former ;  the  mercnry  does  not  fiirther 
expand,  or  expands  in  an  infiniteaimallj  small  degree,  and 
the  steam  expands  greatly.  As  soon  as  this  arrives  at  a 
point  where  circumambient  presBure  canseg  its  resistance  to 
further  expansion  to  be  equal  to  the  resistance  to  expansion 
in  the  merctiry  of  the  thermometer,  the  latter  again  rises, 
and  so  both  go  on  expanding  in  an  inverse  ratio  to  their 
molecular  attractive  force.  If  the  circumambient  pressure  be 
increased,  as  by  confining  the  water  at  the  commencement 
of  the  experiment  within  a  less  expansible  body  than  itself, 
such  as  a  metallic  chamber,  then  the  mercury  of  the  ther- 
mometer continues  to  rise ;  and  if  the  experiment  were  con- 
tinued, the  water  being  con£ned  and  not  the  mercury,  until 
we  have  arrived  at  a  degree  of  repulsive  force  which  is  able 
to  overcome  the  cohesive  power  of  the  mercory,  so  that  this 
expands  into  vapour,  then  we  get  the  converse  effect;  the 
force  expends  itself  upon  the  merctiry,  which  expands  in- 
definitely, as  the  water  did  in  the  first  case,  and  the  water 
does  not  expand  at  all. 

Another  very  nsaal  mode  of  regarding  the  subject  may 
embarros  at  first  sight,  but  a  little  consideration  will  show 
that  it  is  explicable  by  the  same  doctrine.  Water  which  baa 
ice  floating  in  it  will  give,  when  measured  by  the  thermo- 
meter, the  same  temperature  as  the  ica ;  i.  e.  both  the  water 
and  ice  contract  the  mercury  of  the  Uiermomcter  to  the  point 
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eonventionaUy  marked  aa  32".  It  may  be  said,  liow  is  this 
reconcUeable  with  the  djnamieal  doclriDo,  for,  according  to 
Ihnl.  the  Bolid  ahoold  take  from  tlio  meronry  of  tLo  ther- 
mometer more  repulMive  power  than  the  liquid ;  coose- 
queutly,  the  ice  eliould  contract  the  mercury  more  than  the 
water? 

My  answer  is,  that  in  the  proposition  as  thus  slated,  the 
qnanlitiea  of  the  water,  ice,  and  mercury  are  not  taken  into 
consideration,  and  hence  a  necessary  dynamical  element  is 
sogK'cted:  if  the  clement  of  quantity  bo  included,  this  objec- 
tion will  not  apply.  Let  the  thermometer,  for  instance,  con- 
tain 1 3  oz.  of  mercury,  and  stand  at  100°  ;  if  plueed  in  con- 
tnct  with  on  unlimited  quantity  of  ice  at  32',  the  mercnry 
wdl  sink  to  33°.  If  the  same  thermometer  bo  immersed  in 
nn  unlimited  quantity  of  water  at  32°,  the  mercury  sinks  also 
to  32' ;  not  absolutely,  perhaps,  because,  however  great  the 
quantity  of  water  or  ice,  it  will  be  somewhat  raised  in  tem- 
peralure  by  the  wanner  mercury.  This  elevation  of  tempera- 
ture above  32°  will  be  smaller  in  proportion  aa  the  quantiiy 
of  water  or  ice  is  lurg^cr  than  the  quantity  of  mercury ;  and, 
as  wc  know  of  no  intermediate  state  between  ice  and  water, 
tlie  contact  of  a  thermometer  at  a  temperature  above  the 
IrecEiug  point  with  any  qaantity  of  ice  exactly  at  the  freezing 
point  would,  theoretically  speaking,  liquefy  the  whole,  pro- 
vided it  had  BufHcient  time  ;  for  as  every  portion  of  that  ice 
would  in  time  have  its  temperature  raised  by  the  contact  of 
the  wanner  body,  and  as  any  elevation  of  temperature  above 
the  freezing  point  liquefies  ice,  every  portion  sfaoidd  be  lique- 
fied. FrocticoUy  speaking,  however,  in  both  cases,  that  of 
tlie  water  and  of  the  ice,  when  the  quantity  is  indefinitely 
great  llie  thermometer  falls  to  32", 

Now  place  the  same  thermometer  at  100°,  succcBsively 
in  one  oz.  of  water  at  32°,  and  in  one  of  ice  at  32'' ;  we  shall 
find  in  tlio  former  case  il  will  be  lowered  only  to  54°,  and  iu 
the  Utter  to  32  ' ;  ujiply  to  this  the  doclrino  of  repulsive  force, 
and  we  gel  a  sal isfuctorv  ex|ihiniitirin. 
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Id  the  first  cose,  the  qaantities  botii  of  ice  and  water  be 
ing  indefinitely  great  in  respect  to  the  mercury,  each  reduces 
it  to  its  own  temperatore,  viz.  82°,  and  the  ice  cumot  reduce 
the  mercnry  below  82°,  becanse  it  would  receive  back  repnl- 
rive  power  irom  the  newly  formed  water,  and  this  would  be- 
come ice  ;  in  the  second  case,  where  the  quantities  are  limited, 
the  mercury  does  lose  more  repulflive  power  by  the  ice  than  by 
the  water,  and  the  observatiooB  made  in  reference  to  the  first 
illustration  ^ply. 

The  above  doctrine  is  beautifolly  instanced  in  the  experi- 
ment of  Thilorier,  by  which  carbonic  acid  is  sc^difled.  Car- 
bonic axad  gas,  retuned  in  a  strong  reasel  under  great  pres- 
sure, is  allowed  to  escape  from  a  small  orifice ;  the  sudden 
expansion  requires  so  great  a  supply  of  force,  that  in  furnish- 
ing the  demands  of  the  expanding  gas  certain  other  portions 
of  the  gas  contract  to  such  an  extent  as  to  solidify;  thus,  we 
have  reciprocal  expansion  and  contraction  going  on  in  one 
and  the  same  substance,  the  time  being  too  limited  for  the 
whole  to  assume  a  tmiform  temperature,  or  in  other  words,  a 
nniform  extent  of  expansion.        ^ 

It  lias  been  observed  with  reference  to  heat  thus  viewed, 
that  it  would  be  as  correct  to  say,  that  heat  is  absorbed,  or 
cold  produced  by  motion,  asthat  heat  is  produced  by  it.  This 
difficulty  ceaecfl  when  the  mind  has  been  accustomed  to  re- 
gard heat  and  cold  as  themselvca,  motion  ;  i.  e.  as  correlative 
expanrious  and  contractiooB,  each  being  evidenced  by  relation, 
and  being  inconceivable  as  an  abstraction. 

For  instance,  if  the  piston  of  an  air^omp  be  drawn  down 
by  a  weight,  cold  is  produced  in  the  receiver.  It  may  be  hero 
said  that  a  mechanical  force,  and  the  motion  consequent  upon 
it,  produces  cold ;  but  beat  is  produced  on  the  opposite  aide 
of  the  piston,  if  a  receiver  be  adapted  bo  ns  to  retain  the  com- 
pressed air.  Assuming  them  to  cquivalise  each  other,  the 
force  of  the  falling  weight  would  bo  expressed  by  the  heat  of 
friction  of  the  piston  against  its  tube,  and  by  the  tension  or 


poirer'of  reaction  of  the  compressed  against  the  dUated  air. 
If  the  heat  due  to  comprcBBion  be  made  to  perform  mechoai- 
cal  work,  it  vroiOd  pro  ttmto  bo  consumed,  and  coald  not 
restore  the  lompcrature  to  the  dilated  air ;  but  if  it  perform 
no  work,  no  heat  ia  loat.  Mr.  Joule  bas  experiment&lly 
proved  tliis  proposition. 

In  commeacing  the  subject  of  heat,  I  asked  toy  reader  to 
put  out  of  consideration  the  sensations  which  heat  produces 
in  our  own  bodies;  I  did  tliis  because  tbcne  sensations  are 
likely  lo  deceive,  and  have  deceived  many  as  to  the  nature  of 
heat,  These  sensations  ore  themselves  occasioned  by  simi- 
lar expansions  to  those  whicli  we  have  been  considering ;  the 
liquids  of  the  bodjare  expanded,  i.  e.  rendered  lees  viscid  by 
heat,  and  from  their  more  ready  flow,  wo  obtain  the  sensation 
of  agreeable  warmth.  By  a  greater  degree  of  heat,  their  ox- 
pan^OQ  becomes  too  great,  giving  rise  to  a  sense  of  pain,  and, 
if  poshed  to  cxlreniily,  as  with  the  heat  which  produces  a 
bum,  the  liquids  of  tbe  body  are  dissipated  in  vapour,  and  an 
injury  or  destruction  of  the  organic  structure  lakes  place.  A 
similar  though  converse  oflTect  may  be  produced  by  intense 
cold ;  tlio  application  of  frozen  mercury  to  the  animal  body 
produces  a  bum  similar  to  that  j)rod need  by  great  heal,  and 
accompanied  with  a  similar  sensation. 

Donbtlcss  other  actions  than  those  above  mentioned  inter- 
fere in  producing  tlic  sensations  of  heat  and  cold ;  bat  I  think 
it  win  be  seen  that  these  will  not  affect  Uie  argnmenls  aa  to 
tbe  naturd  of  heat.  The  pbenomenal  efi'ects  willbofomd 
unaltered ;  bent  will  still  be  found  to  be  expansion,  cold  to  be 
ooalraclion  ;  and  the  expansion  and  contraction  are,  as  with 
liiD  two  blndJers  of  air,  correlative — i.  c.  wc  cannot  expand 
one  body,  a,  without  contracting  some  otiipr  body,  a ;  we 
cnuiiol  contract  A  williont  expanding  n,  nasumiug  that  wc  view 
the  bodies  wiUi  relation  to  beat  alone,  and  Eupposo  no  other 
force  to  bo  nmiufesleJ. 

I  bavo  said  tliat  llicrc  arc  few  exceptions  as  (u  beat  iH'itig 
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u^-ikk  tV'i^  UMiufi«ted  by  an  ezpanaioii  of  matter.    One  clase  of 

(^)vi,->dtt  vxwptioiiB  is  only  apparent;   moist  day,  animal  or 

^«»^WU«  fibre,  and  other  sabstances  of  a  mixed  nature, 

-^tf  tucb  contain  matter  of  different  charactere,  Bome  of  whicli  is 

xKkOM  and  some  less  volatile,  i.  e.  expansible,  are  contracted 

on  the  application  of  heat;  this  arises  &om  the  mora  volatile 

xxiatter  being  dissipated  in  the  form  of  raponr  or  gas ;  and  the 

fotereticeaof  the  loss  volatile  being  thos  emptied,  the  latter 

contracts  by  its  own  cohesive  attraction,  giving  thus  a  prima 

facie  appearance  of  contraction  by  heat.     The  pyrometer  of 

'^edgnood  is  explicable  on  this  principle. 

The  second  daes  of  exceptions,  though  much  more  limited 
in  extent,  is  lees  easily  explained.  Water,  fused  bismath, 
and  probably  some  o^ier  substancos  (tbot^b  the  fact  as  to 
them  is  not  clearly  established),  expand  as  they  approach 
very  near  to  the  freezing  or  solidifying  point.  The  mort 
probable  explanation  of  these  exceptiooB  is,  that  at  the  point 
of  maximum  density  the  molecules  of  these  bodies  assume  a 
polar  or  crystallino  condition;  that  by  the  particles  being 
thus  arranged  in  hucar  directions  like  chovaux  do  frisc, 
interstitial  spaces  are  left,  containing  matter  of  less  den- 
sity, so  that  the  specific  deusi^  of  the  whole  mass  is  dimin- 
ished. 

Some  recent  experiments  of  Dr.  TyndaB  on  the  physical 
properties  of  ice  seem  to  favour  this  view.  When  a  sun- 
beam, concentrated  by  a  lens,  is  allowed  to  fall  on  a  piece 
of  apparently  homogeneous  ice  the  path  of  the  rays  is  in- 
stantly studded  with  nuracrouB  luminous  spots  like  minute  air 
bubbles,  and  the  planes  of  freezing  are  made  manifest  by 
these  and  by  small  fissarcs.  Stars  or  floWer-liko  figures  of 
six  petals  appear  parallel  to  the  planes  of  freezing,  and  seem- 
ingly spreading  out  from  a  central  bubble.  These  flowers 
are  formed  of  water.  When  the  ice  is  melted  in  warm  water 
no  air  is  given  off  from  the  bubbles,  so  thoy  seem  to  be  va- 
luous ;  it  is,  however,  possible  that  extremely  minute  parti- 


dM  of  vx  eafficieat  to  form  foci  for  the  melting:  points  of  ioe 
migM  be  dissolved  by  llie  water  bb  soon  aa  tliey  ennio  in  con- 
tact with  it.  Be  this  as  it  may,  Ihc  cxistenee  of  tliese  points 
throughout  the  ice,  where  it  givea  way  to  the  heat  of  the  solar 
beam,  if  it  docs  not  prove  actual  vacuous  or  aerifurm  spaces 
to  exist  in  ice,  proves  that  it  is  not  boraogcneous,  that  its 
stmclure  is  probably  definilely  cryBlallinc,  and  ihat  the 
matter  composing  it  is  in  different  degrees  of  aggregalion,  bo 
that  its  mean  specific  gravity  might  woU  be  less  than  tliat  of 

We  cannot  examine  picccmoal  the  ultimate  stmcture  of 
matter,  but  in  addition  to  the  fact  Ihat  the  boilic.a  whidi 
evince  this  peculiarity  arc  bodies  which,  when  solidified,  ex- 
bibit  a  very  marked  crystalline  charactor,  there  are  experi- 
ments which  show  lliat  water  between  the  point  of  maximum 
denMty  and  its  point  of  solidification  polarises  light  circularly ; 
showing,  if  these  experiments  be  correct,  a  stmclural  altera- 
tion in  water,  and  one  analogous  to  ihat  possessed  by  certain 
crystalline  solids,  and  to  tliat  possessed  by  water  itself,  where 
it  is  forcibly  made  to  osstmie  a  polarised  condition  by  the  in- 
flnence  of  magoolism. 

The  accuracy  of  these  results  has,  however,  been  doubled, 
and  Uic  experiments  have  not  succeeded  when  roiieafed  by 
very  experienced  hands.  Whether  this  be  so  or  not,  and 
whether  the  above  explanation  of  the  exception  to  the  other- 
wise invariablo  effect  of  expansion  by  heat  bo  or  be  not  re- 
garded as  admissible,  must  be  left  to  the  judgment  of  each 
individaal  who  thinks  upon  tl.e  subject ;  at  oil  events,  no 
theory  of  heat  yot  proposed  removes  the  difficulty,  and  there- 
foro  it  equally  opposes  every  other  view  of  the  phenom- 
ena of  heat,  as  it  does  that  wliidi  I  have  here  consid- 
ered, and  which  regards  heat  as  communicable  expansive 

As  certain  bodies  expand  in  freezing',  and  indeed,  under 
some  drcomstancos,  oefore  ihoy  arrive  at  the  tcmperatafo  at 
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which  they  solidify,  we  get  the  apparent  anomaly  that  the 
motion  or  mechanical  force  generated  by  heat  or  change  of 
temperature  is  reversed  in  direction  when  we  airive  at  the 
point  of  change  from  the  solid  to  the  liquid  state.  Thns  a 
piece  of  ice  at  the  temperatnre  of  Zero,  Fahrenheit,  would 
expand  by  heat,  and  produce  a  mechanical  force  by  such  ex- 
pansion until  it  arrives  at  82°  ;  but  then  by  an  increment  of 
heat  it  contracts,  and  if  the  first  expansion  had  moved  a  pis- 
ton upwards,  the  subsequent  contraction  would  bring  it  back 
to  a  certain  extent,  or  move  it  downwards,  an  apparent  nega- 
tion of  the  force  of  heat. 

Again  with  water  above  40°,  i.  e,  above  its  point  of 
maximum  density,  a  progressive  increment  of  cold  or  decre- 
ment of  heat  would  produce  contraction  to  a  certain  point, 
and  then  expansion  or  a  mechanical  force  in  an  opposite  direc- 
tion. Thus  not  only  heat  or  the  expansive  force  given  to 
other  bodies  by  a  body  cooling  would  be  given  out  by  water 
freezing,  but  also  the  force  due  to  the  converse  expansion  in  the 
body  itself,  and  force  would  thus  seem  to  be  got  out  of  noth- 
ing :  but  if  water  in  a  confined  space  be  gradually  cooled,  the 
expansion  attendant  on  its  cooling  as  it  approaches  the  fireez- 
ing  point  would  occasion  pressure  amongst  its  particles,  and 
tlience  tend  to  antagonise  the  force  of  dilatation  produced  in 
them  by  cooling,  or  to  resist  their  tendency  to  freeze  ;  or  in 
other  words,  the  pressure  would  tend  to  liquefaction,  and  con- 
versely to  the  usual  effect  of  pressure,  produce  cold  instead 
of  heat,  and  thus  neutralise  some  of  the  heat  3delded  by  the 
cooling  body.  Hence  we  find  that  it  requires  a  lower  tem- 
perature to  freeze  water  under  pressure  than  when  exempt 
I'rom  it,  or  tlmt  the  freezing  point  is  lowered  as  the  pressure 
increases  for  bodies  which  expand  in  freezing — ^an  effect  first 
predicted  by  Mr.  J.  Thompson,  and  experimentally  verified 
by  Mr.  ^,V.  Thompson ;  while  as  shown  by  M.  Bunsen,  the 
conycrsc  effect  takes  place  with  bodies  which  contract  in 
freezing.     Hero  the  pressure  cooperates  with  the  effects  of 
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cold,  bolb  tending  to  approximate  the  particles,  and  euch  sub- 
BlanccH  solidify  at  a  higher  lemperatarc  in  proportion  as  the 
pressure  ia  greater  ;  eo  that  we  might  expect,  a  body  of  this 
class,  which  imiler  the  ordinary  prceeura  of  the  air  ie  at  a 
lemperaturo  jnst  ahove  ils  freezing  point,  to  solidity  by 
being  submitted  to  pressure  alone,  the  temperature  Loing 
kept  constant. 

A  Bimikr  cIclss  of  exception  to  the  general  effect  of 
heat  in  expanding  bodies  is  presented  by  vulcanised  caout* 
choQC.  This  has  been  observed  by  Mr.  Gon^,  and,  in- 
deed, was  painted  out  to  mc  many  years  ago  by  Mr. 
Brockedon  to  be  heated  when  stretched,  and  cooled  when 
unslretchcd. 

Mr.  Joule  finds  that  its  specific  gravity  is  lower  when 
stretched  than  when  unstrotched,  and  that  when  heated 
in  its  stretched  state  it  shortens,  presenting  in  this  par- 
ticular condition  a  similar  series  of  converse  relations  to 
those  which  are  presented  by  water  near  or  at  its  freezing 

With  the  exception  of  this  class  of  phenomena,  which 
offer  difficulties  to  any  theory  which  has  been  proposed,  the 
general  pheaomenaof  beat  may,  I  believe,  be  explained  upon 
a  purely  dynamical  view,  and  more  satisfactorily  than  by 
having  rcTOorse  to  the  hypothesis  of  latent  matter.  Many, 
however,  of  the  phenomena  of  heat  arc  involved  in  much 
mystery,  particnlorly  those  connected  with  specific  heat  or 
that  relative  proportion  of  heat  which  equal  weights  of  differ- 
ent Ifodies  seqiiire  to  raise  tlicm  from  a  given  temperature  to 
another  given  temperature,  which  appear  to  depend  in  some 
way  hitherto  inexplicable  upon  the  molecular  constitution  of 
different  bodies. 

Tlie  view  of  heat  which  I  have  taken,  viz.  to  regard  it 
sunply  as  a  communieablo  molecular  repulsive  force,  is  8up« 
ported  by  many  of  the  phenomena  to  which  the  term  speciiio 
or  rehitive  huat  is  applied ;  for  example,  bodies  as  they  in> 
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ereaae  in  temperatnre  increSM  in  specific  heat.  The  ratio 
of  this  incrense  in  specific  heat  is  greater  with  solids  than 
with  liquids,  althongh  the  latter  are  more  dilatable ;  an 
effect  probably  depending  npon  the  commencement  of  fdaion. 
Again,  those  metals  whose  rale  of  expansion  increases  most 
rapidly  whe^  they  are  heated,  increase  most  in  spedficheat; 
and  their  specific  heat  is  reduced  by  percussion,  which,  by 
^proximating  their  particles,  makes  them  specifically  more 
dense.  When,  however,  we  examine  substances  of  very 
different  physical  characters,  we  find  that  their  specific  heata 
have  no  relation  to  their  dengi^  or  rate  of  expansion  by 
heat ;  their  differences  of  specific  heat  nmst  depend  upon 
their  intimate  molecular  constitution  in  a  manner  accounted 
for  (as  far  as  I  am  aware)  by  no  theory  of  heat  hitherto 
proposed. 

In  the  greater  number,  probably  in  all  soUds  and  liquids, 
the  expansion  by  heat  is  relatively  greater  as  the  temperature 
is  higher ;  or,  preserving  the  view  of  expansion  and  contrac- 
tion, if  two  eqnal  portions  of  the  same  substance  be  jnxtop 
posed  at  different  temperatores,  the  hotter  portion  will  con- 
tract a  little  more  than  the  colder  will  expand ;  &om  this 
fact,  viz.  that  the  coefficient  of  expansion  increases  in  a  given 
body  with  the  temperature,  and  from  other  consideradons, 
Dr.  Wood  has  argued,  with  much  apparent  reason,  that  the 
nearer  the  partides  of  bodies  are  to  each  other,  the  less  they 
roqnire  to  move  to  produce  a  given  expansion  or  contraction 
in  those  of  another  body.  His  mode  of  reasoning,  if  I  ri^tly 
conceive  it,  may  be  concisely  put  as  follows : — 

Ab  bodies  contract  by  cold,  it  is  dear  that,  in  a  given 
body,  the  lower  the  temperature  the  nearer  are  the  particles ; 
and,  as  the  coeffident  of  expansion  increases  with  the  tem- 
perature, the  lower  the  temperatm«  of  the  substance  be,  the 
less  the  particles  require  to  move,  or  approadi  to  or  recede 
from  eadi  other,  so  as  to  compensate  the  correlative  recession 
*r  approadi  of  the  partides  in  a  hotter  portion  of  the  same 


Bubstnace,  that  is,  ia  another  pordoQ  iif  ihe  Bome  BubBlonco 
ill  wliitli  tlie  iiiirticlea  arc  more  dielaot  from  each  other. 
The  amount  of  npproximation  or  recesaion  of  the  particles  o 
It  body,  in  olliur  worila,  its  chunge  of  bulk  hy  a  gircn  change 
of  temperature,  being  thus  in  a  given  subatitnee  an  index  of 
tie  relative  proximity  of  Jla  particles,  may  it  not  be  so  of  all 
bodies?  The  proposition  is  very  ingeniously  argued  by  Dr. 
Wood,  but  the  argnment  ia  based  npon  certain  hypotheses  as 
to  the  sizes  and  distances  of  atoms,  which  must  bo  admitted 
OS  postolates  by  those  who  adopt  his  conclusions.  Dr. 
Wood  seeks  by  means  of  this  theory  to  explain  the  heat  pro- 
duced by  chemical  combination,  and  I  shall  endeavour  to  give 
a  sketch  of  his  mode  of  reasoning  when  I  arrive  at  that  port 
of  my  subjuct. 

Although  the  compomtiva  efibcts  of  spociOc  heat  may  not 
be  satislactorily  explicable  by  any  known  theoiy,  the  absolute 
«Sect  of  heat  u{>on  each  separate  substance  is  simply  expan- 
sion, but  when  bodies  differing  in  their  physical  characters 
arc  used,  tha  rate  of  expansion  varies,  if  measured  by  the 
correlative  coatractions  exhibited  by  the  substances  prodnO' 
iog  it.  Though  I  am  obliged,  in  order  to  bo  inlelh'gible,  to 
talk  of  heat  as  on  entity,  and  of  its  conduction,  radiation,  &c., 
yet  thele  expressions  are,  in  fact,  inconsislent  with  the  dyna- 
mic theory  which  regards  heat  oa  motion  and  notliing  else ; 
thus  conduction  would  bo  simply  a  progressive  dilatation  or 
motion  of  the  particles  of  ihc  conducting  subslanco,  radiation 
an  imdulnlion  or  motion  of  the  particles  of  the  medium 
through  wliich  the  heat  is  said  to  be  transmitted,  &c. ;  and  !t 
is  a  strong  argument  in  favom'  of  this  theory,  that  for  every 
diversity  in  ibo  physical  cLiiracler  of  bodies,  and  for  every 
change  in  Uie  sirucluro  and  arrongcmont  of  particles  of  the 
same  body,  a  change  ia  apparent  iu  the  tlicrmal  effects. 
Thua  gold  conducts  beat,  or  transmits  the  motion  called  heal, 
more  readily  tlian  copper,  copper  than  iron,  iron  tlian  lead, 
uid  lead  than  porcelain,  &c. 
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80  when  the  Btnictnre  of  a  Bubatance  ia  not  homogeneous, 
we  have  a  diange  in  the  condacdon  of  difibrent  parts  deprad- 
ent  upon  the  Btmcture.  This  is  beautifiilly  shown  with 
bodies  whose  structure  is  Bymmetrically  arranged,  aa  in  crys- 
tals. Seuarmont  has  shown  that  crystals  condact  heat  difTcr- 
ently  in  different  directions  with  reference  to  the  axis  of 
^minelry,  but  definitely  in  definite  directions.  His  mode  of 
experimenting  is  as  follows : — ^A  plate  of  the  crystal  is  cut  in 
a  direction,  for  one  set  of  experiments  parallel,  and  for 
another  at  right  angles  to  the  axis  ;  a  tube  of  platinum  is  in-. 
sorted  throng  the  centre  of  the  plate,  aud  bent  at  one 
extremity,  so  as  to  bo  capable  of  being  heated  by  a  lamp 
Without  the  heat  which  radiates  from  the  lamp  aficcting  the 
crystal ;  the  surfaces  or  bases  of  the  plate  of  crystal  are 
covered  with  wax.  When  the  platinum  is  heated,  the  direc- 
tion of  the  heat  conducted  by  the  crystal  is  made  known  by 
the  melting  of  the  wax,  and  a  curved  line  is  visible  at  tlio 
juncture  of  the  solid  and  liquid  wax.  This  curve,  with 
homogeneous  subslanoes,  as  glass  or  zinc,  is  a  circle ;  it  is 
also  a  circle  on  plates  of  calc  epar  cut  perpendicular  to  tha 
axis  of  symmetry  ;  but  on  plates  cut  parallel  to  the  axis  of 
symmetry,  and  having  their  plane  perpendicular  to  one  of  the 
faces  of  the  primitive  rhomboheilron,  the  curves  are  well- 
defined  cUipsea,  having  their  longer  axes  in  the  direction  of 
the  axis  of  symmetry,  showing  that  this  axis  is  a  direction  of 
greater  conduct ihility.  From  expcrimenta  of  this  character 
the  inference  is  drawn,  that '  in  media  constituted  like  crys- 
tals of  the  rhombohedral  system,  the  conducting  power  varies 
in  such  a  manner,  that,  supposing  a  centre  of  heat  to  exist 
within  them,  and  the  medium  to  be  indefinitely  extended  in 
all  directions,  the  isothermal  surfaces  arc  concentric  olh'psoids 
of  revolution  round  the  axis  of  symmetry,  or  at  least  sm'faces 
diifering  but  little  therefrom.' 

Knoblauch  has  fiirther  shown,  that  radiant  heat  is  absorb- 
ed in  diflcrent  degroos,  according  as  its  direction  is  parallel 
ir  perpendicular  to  the  axis  of  a  crystal. 
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If  wo  select  a  substance  of  a  difTuroot  but  also  of  a  defiuite 
Btruduro,  sucli  as*  wood,  wo  find  dial  heat  progresses  through 
it  willi  more  or  less  rapidity,  according  to  its  diroclion  with 
reference  to  the  fibre  of  the  wood :  thus  Decacdolle  and  De 
la  Rivo  found  tbat  the  conduction  was  better  in  a.  direction 
parallel  to  the  lihre  than  in  one  traosvorse  to  it ;  and  Dr, 
Tyndall  bas  added  the  fact,  that  the  coaduction  is  better  in  a 
direclion  transverse  to  llie  fibrca  and  layers  of  the  wood  than 
when  transverse  to  the  fibre  but  parallel  to  the  layers,  ihough 
in  both  tlicse  directions  the  conduction  is  inferior  to  tbat  fol- 
lowing tile  direction  of  the  fibre.  Thus,  in  the  three  possible 
diri'Ctioua  in  which  the  Btruclure  of  wood  may  be  contem- 
plated, we  have  tJireo  different  degrees  of  progression  ibr 

In  the  above  examples  wo  see,  aa  we  shall  see  farther  on 
with  reference  to  all  the  so-called  imponderables,  that  the 
phenomena  depend  upon  llio  molecular  structure  of  the  mat- 
ter afiected;  and  although  these  facts  are  not  absolutely  iu- 
couiiislont  with  tlie  theory  which  supposes  them  to  bo  fluids 
or  entities,  it  will,  I  think,  bo  found  to  be  far  more  consistent 
with  that  which  views  them  as  motion.  Ueat,  which  we  ore 
at  present  considcriog,  cannot  bo  insulated :  we  cannot  re>  . 
move  the  heat  from  a  substance  and  retain  it  as  heat ;  we 
can  only  transmit  it  to  another  substance,  cither  us  heat  or 
as  some  other  mode  of  force.  "We  only  know  certain  changog 
of  maltor,  for  which  changes  beat  is  a  generic  name ;  the 
thing  heat  is  unknown. 

Ilcat  having  been  shown  to  bo  a  force  capable  of  pro- 
ducing ntolion,  and  motion  lo  be  capable  of  producing  the 
olbor  modes  of  force,  it  neccBSarily  follows  tbat  heat  is  capa- 
ble, mediately,  of  producing  tbcm ;  I  will,  therefore,  conteat 
mvsell'  with  enquiring  liow  far  heat  is  capable  of  immediately 
producing  the  other  modes  of  force.  It  will  immediately 
produTO  ekdricUy,  as  shown  in  the  beautiful  cxpcrimenls  of 
gecbecb,  one  of  which  I  have  already  citedf  wtiich  experi- 
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ments  proved,  that  when  dissimilar  metals  are  made  to  touch, 
or  are  soldered  together  and  heated  at  the  point  of  contact,  a 
current  of  electricity  flows  through  the  metals  haying  a  defi- 
nite direction  according 'to  the  metals  employed,  which  cur- 
rent continues  as  long  as  an  increasing  temperature  is  grad- 
ually pervading  the  metals,  ceases  when  the  temperature  is 
stationary,  and  flows  in  the  contrary  direction  with  the  decre- 
ment of  temperature. 

Another  class  of  phenomena  which  have  been  generally 
attributed  to  the  effects  of  radiant  heat,  And  to  whidi,  from 
tliis  belief,  the  term  thermography  has  been  applied,  may 
also,  in  their  turn,  be  made  to  exhibit  electrical  effects— ef- 
fects hero  of  Franklinic  or  static  electricity,  as  Seebeck's  ex- 
periments showed  effects  of  voltaic  or  dynamic  electricity. 

K  polished  discs  of  dissimilar  metals-^-say,  zinc  and  cop- 
per— ^be  brought  into  close  proximity,  and  kept  there  for 
some  time,  and  either  of  them  has  irregularities  upon  its  sur- 
face, a  superficial  outline  of  these  irregularities  is  traceable 
upon  the  other  disc,  and  vice  versd,.  Many  theories  have 
been  framed  to  account  for  this  phenomenon,  but  whether  it 
be  due  or  not  to  thermic  radiations,  the  relative  temperature 
of  the  discs,  their  relative  capacities  and  conducting  and 
radiating  powers  for  heat,  undoubtedly  influence  the  phe- 
nomena. 

Now,  if  two  such  discs  in  close  proximity  be  connected 
with  a  delicate  electroscope,  and  then  suddenly  separated, 
the  electroscope  is  affected,  showing  that  the  reciprocal  ra- 
diation from  surface  to  surface  has  produced  electrical  force. 
I  cite  tliis  experiment  in  treating  of  heat  as  an  initial  force, 
because  at  present  the  probabilities  are  in  favour  of  thermic 
radiation  producing  the  phenomenon.  The  origin  of  these 
so-called  thermographic  effects  is,  however,  a  question  open 
to  much  doubt,  and  needs  much  further  experiment.  When 
I  first  published  the  experiment  which  showed  that  the  mere 
approximation  of  metallic  discs  would  give  rise  to  electrical 


efieiita,  I  meatloned  (Mt  I  coneidered  llie  fact  of  the  Euperfi 
ciul  ch&Dge  upon  the  surface  of  mctola  in  proximity,  am],  d 
fortiori,  in  contact,  would  esplain  flia  devtilopoment  of  elco 
(riciif  in  Volla's  original  contact  expertmont,  withoat  liaving 
recoorso  to  the  contact  theory,  i.  e.  a  theory  which  Eupposca 
a  force  (o  be  produced  by  mere  contact  of  dissimilar  metaJa 
witbont  any  molecular  or  chemical  change.  I  bave  bocu 
nolhiag  to  alter  this  view,     Mr.  Gosaiot  has  repeated  and 

-verified  my  osperiment  with  more  delicate  apparatos  and 
under  more  uncsccplioDahle  circumatances  ;  and  without  aay- 
ing  that  radiant  heat  is  the  initial  force  in  this  case,  we  have 
evidence,  by  the  saperficiol  change  which  takes  place  in 
ho<lies  closely  approximated,  that  some  molccuhir  citange  is 
taking  place,  some  force  is  called  into  action  by  their  proxim- 
ity, which  producea  changes  in  matter  as  it  expends,  or 
rallicr  tninsmlta  itself;  and,  therefore,  is  not  a  tbrce  without 
molecular  change,  us  Ibe  euppoaed  contact  force  would  be. 
Tbe  force  in  this,  as  in  all  other  cases,  is  not  created,  but  de- 
veloped by  tbe  action  of  matter  on  matter,  and  not  annihi- 
laled,  as  it  is  shown  by  this  cxjieriment  to  bo  conyertiblu  into 
Buulher  mode  of  foi'ce. 

To  say  tltat  heat  will  produce  liylU,  b  to  aascrt  a  fact  ap- 
parently tamiliar  to  uveiy  ouo,  but  there  may  bo  some  rea- 
eou  to  doubt  whelber  the  expression  to  produce  light  ia  cor- 
mct  iu  this  particular  appIicatioD  ;  the  relation  between  heat 
oud  light  is  not  analogous  to  Uie  correlation  between  {huse 
anil  the  otlicr  four  ulTectioiis  of  matter.  Heat  and  light  ap- 
pear to  be  rather  modifications  of  the  same  force  than  dis- 
tinct forces  mutually  dependent.  The  modes  of  action  of  rit- 
diant  beat  and  of  light  are  so  similar,  both  being  subject  to 

,lbc  same  laws  of  reflection,  retraction,  and  double  refraction, 
and  poluriaaiion,  that  llieir  difference  appears  lo  exist  more 
in  tbe  manner  in  wliich  tliey  affect  our  senses  than  in  our 
mental  conception  of  them. 

Tlie  experiments  of  Melloni,  which  have  mainly  oontrib- 
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^ed  to  J—M—jranf  ifciB  doR  amlo^  of  bas  and  %ht.  af 
ford  A  bantli&I  iosEamx  >tf'  c^  aasBtance  w&idi  du  pn^^pi^ai: 
«d*  one  brancfa.  of  pbvscal  soeaee  rsuiers  u  c&at  of  «aEitb«r 
The  diacoTsiw  of  Oemed  »nd  SMfceck  led  n  dte  twisauc- 
tas!!  of  an.  inaLrmumt  Sir  laeaiwiiug  tempennire.  inLtrnpora- 
biv  mere  ibfiean  tAon.  snr  pmwa^  known.  To  didtii>> 
■niuh  it  from  Uie  ocfnaiv  tfaemnneter.  this  iostrameiit  la 
ealfe<i  the  lierBiomia^rplitr.  Il  ttfoasta  of  a  series  of  small 
bars  of  b^matb  ^**«J  annmcix'^-  nnmn^  ome  "^yy^y  **^=*'Tt  of 
aliemadoas  wrsuzeil  p«rsllel  b>  eacb  otber.  m  the  shape  of 
a  cvliniier  or  pnsn :  so  ibas  the  ^iiies  of  jsnccioo.  wiuch  are 
soiJered.  sbaR  be  sD  vxptMed  at  Uk  bases  of  the  rrlmder : 
die  two  exiremicM:}  of  this  serws  are  miited  to  a  g-.ih'smo- 
itwter — that  is.  a  tttt  coH  of  wire  forrooiulin^  a  freehr-tiiis- 
penJoJ  m^r^otic  neeJle.  tiw  uirertion  of  which  is  parallel  to 
tbd  convohiEioQd  of  the  wire.  When  radiant  heat  impin^d 
up-:!!  the  sotuored  ewla  of  the  mskqrlier,  a  thenuo~cleclric 
comici  ij  induced  in  each  p^:  and,  as  aD  these  corrcnis 
icnil  to  oir>.uLi:o  in  the  suae  direction,  the  energy  of  iho 
wliule  is  inoreoied  by  the  cooferating  forces:  this  curreni, 
traversing  cite  helix  of  die  g-^vaaometer,  deSects  the  needle 
froiD  p&raDcIism  hj  virtue  of  the  viectro-magnotic  tangential 
force,  and  the  degree  of  this  deflection  nrres  as  the  index 
of  the  tempera tnre. 

Bodies  examined  bv  theee  means  show  ft  remarkable  dif- 
ference between  their  transcalescence,  or  power  of  transmit- 
liri;;  tieaf,  and  Iheir  transparency :  thus,  perfecdv  traiispitreut 
ahiin  anenta  more  Lent  thim  quartz  so  dark  cvtKiiuvU  as  to  liu 
0]iiuiiic  ;  and  alum  coupled  wiih  green  glass  McUoui  found 
wad  capable  of  transmitting  a.  beam  of  brilliuut  lightj  while, 
will)  tlic  most  delicate  Ihermoscope,  he  could  detect  no  tndi* 
cntimm  of  IrauHmitlcd  iieat :  on  the  other  hand,  rock-salt,  llie 
njimf,  IrnriHCnlt'Hi^nt  body  known,  may  be  covered  willi  soot 
uiilil  jiiirluclly  opui^ue,  aud  yet  be  found  cik[>ab)e  of  trausuiil- 

f  a  (umniclorable  quantity  of  heat.    Itadiant  hoat,  ^hen 
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IraDSlulHed  t&roogli  a  prism  of  rock-salt,  is  found  lo  bo  ane- 
qniilly  refruL'led,  iig  id  Ilio  ease  irilli  liglit ;  and  the  rays  of 
Iieat  tlios  clongaled  into  wliat  is,  ibr  the  sake  of  aaalogy, 
called  a  spectrnin,  are  fonnd  lo  possess  similur  properties  to 
llie  primary  or  coloured  rays  of  li};Iit.  Tims  rock-salt  is  to 
licat  what  colourless  glass  is  to  light ;  it  transmits  heat  of  all 
degrees  of  relrangihility :  alam  is  to  beat  as  red  glass  to 
light ;  it  transmits  the  least,  and  stops  the  most  rofraugiblo 
rays;  and  rock-salt  covered  with  soot  represents  blue  glass,  , 
transmilting  the  most,  and  stopping  the  least  refrangible  rays. 

Certain  bodies,  again,  reflect  heat  of  diflbrent  rcfnmgi- 
bili^:  thus  paper,  snow,  and  lime,  although  perfectly  while 
— tliat  18,  reflectiitg  light  of  all  degrees  of  refrangibility,  re- 
flect heat  ooly  of  certain  degrees;  while  metals,  wliich  are 
coloured  bodica — that  is,  bodies  which  reflect  light  only  of 
cerlniu  degrees  of  refran^bility — reflect  heat  of  all  degrees. 
Budiaul  heat  incident  upon  substances  which  doubly  refract 
light  is  doubly  refracted  ;  and  the  emergent  ruys  aro  polar- 
i»ed  iu  planes  at  right  angles  to  each  other,  as  is  the  caae 
with  light. 

The  relation  of  radiation  to  absorption  also  holds  good 
with  liglit  as  with  heat:  with  (ho  latter  it  bae  been  long 
known  that  the  radiating  power  of  different  Hnbatances  is  di 
reclly  proportional  to  their  abeorptire  and  inverse  to  then 
rcQoclivo  power;  or  rather,  that  the  sum  of  the  heat  radia 
led  and  reHecIud  is  a  confllunt  iiuautily.  So,  as  has  been 
shown  by  Mr.  Balfour  Stewart,  the  absorption  bears  tlio 
sumo  rolalioa  to  radiation  for  beat  as  to  quality  as  well  as 
quantity. 

Light  presents  us  with  similar  relations.  Coloured  glass, 
when  heated  so  as  to  be  luminous,  emits  the  same  light 
wliich  at  ordinary  temperatures  it  absorbs:  tliiis  red  glass 
pvcB  ont  or  radiates  a  greenish  light,  aud  green  jjlass  a  red 
tint. 

Tho  flomo  nf  substances  eontoimng  sodium  yields  a  yol- 
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tow  light  of  mch  purity  that  otlier  col}nr8  exposed  to  it  &p< 
pUKT  block — &  phenomenoQ  shown  hj  the  tamiliar  experiment 
of  ozpoaiufc  a  picture  of  bright  colours,  other  ihaa  yellow,  to 
the  fiamo  of  spirits  of  wine  with  which  common  salt  is  mixed : 
the  picture  losos  its  colonrB,  and  appears  to  be  black  and 
white.  When  the  prismatto  qiectroia  of  such  a  flame  is  ex- 
wiiiued,  it  Is  found  to  exiubit  two  bright  yellow  Unee  at  a  ccr- 
t«iu  fixed  poeitiou.  If  a  sonice  of  lij^t  be  employed  which 
givM  DO  liups  in  its  spectrum,  and  this,  being  at  a  higher 
l»iii|>OT»ture,  be  made  to  pass  throagfa  the  sodium  &une,  two 
dark  \hw»  will  appear  in  the  spectrum  precisely  coinciilcnt 
ill  iHtdiiiun  wilh  tb«  yvtlow  lines  whidt  were  given  by  the  so- 
illuiH  finiwt  tlwiU'.  The  same  relation  of  absorption  to  radio- 
lioi)  i«  th«>n,'l(>r«  sbown  here :  the  substance  absorbs  that 
ixaht  whifh  it  yielib  when  it  is  itself  the  source  of  light. 
'I'lto  OAUMi  it  true  of  other  substances,  the  spectra  of  which 
i>\lttlul  iv«j>octively  lines  of  peculiar  colour  and  position. 
Now,  the  solar  prismatic  spectrum  is  traTersed  by  a  great 
utnulier  of  dark  lines ;  and  Kirchoff  has  deduced  from  con- 
siderations such  as  those  which  I  hare  shortly  stated,  that 
thcM  dark  lines  in  the  solar  spectrum  are  due  to  mclots  ex- 
isliug  in  an  atmosphere  aronnd  the  sun,  which  absorb  the 
light  from  a  oenlral  incandescent  nucleus,  each  metal  absorb- 
ing that  light  which  would  appear  as  a  bright  lino  or  lines  in 
ils  own  spectrum. 

By  comparing  the  position  of  the  bright  linos  in  the  spec- 
tra of  metals  with  that  of  the  dark  lines  in  the  solar  spec- 
trum, soTcral  of  them  are  found  lo  be  in  identically  the  some 
place  :  hence  it  ia  inferred,  and  the  inference  seems  reason- 
ablo,  lliat  the  metals  which  show  ImninouB  lines  in  their  spec- 
tra, identical  in  position  with  dark  lines  in  the  solar  spec- 
tniin,  exist  in  tlie  sun,  and  are  diffused  in  a  gaseous  stale  in 
its  atmosphere.  It  does  not  seem  to  mo  necessary  to  this 
on  to  assume  that  the  sun  is  a  solid  mass  of  incandcs- 
tier :  it  may  well  be  that  what  we  term  the  photo- 
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Bplicre  or  lumiaoos  enTClope  of  the  sun  has  surroimding  it  a 
more  iliffuso  aliuoaphero  coDlaining  vaporised  metals,  and 
llial  the  mass  of  the  sun  itsell'  ma}'  be  in  a  different  Btnte, 
and  not  necessarily  at  an  incandescent  temperature ;  indeed, 
the  protuberances  and  red  ligLt  seen  at  the  period  of  total 
eclipses  afford  some  evidence  of  an  atnwsphero  exterior  to 
the  photosphere.  It  would,  however,  be  out  of  place  here  to 
apemlate  on  these  subjects :  the  point  which  concerns  us  is 
the  analogies  of  heat  and  Ught,  which  thoBO  discoveries  illn»- 
tratc.  Kirchoff  has  carried  the  analogy  farther  by  showing 
lliat  a  plate  of  toaimalinc  absorbs  the  polarised  raj  which 
when  heated  it  radiates.  Thus,  the  phenomena  of  light  are 
imitated  closely  by  those  of  radiant  beat ;  and  tlio  same  the- 
ory which  is  considered  most  plausibly  to  account  for  the 
plicnomcna  of  llic  one,  will  neccaaarily  be  applied  to  the  other 
agent,  and  in  each  cose  molecular  change  is  accompanied  by 
a  change  in  the  phenomenal  effects. 

In  certtuu  cases  heat  appears  to  become  partiaUy  con- 
TcrtoU  into  liglit,  by  changing  the  matter  offuctcd  by  hcot : 
thiis  gas  may  be  heated  to  a  very  high  point  without  pro- 
duciog  light,  or  producing  it  to  a  very  slight  degree  ;  but  the 
iulroditctiou  of  solid  mattt^r — for  instance,  the  metal  plalmum 
into  the  liighly-hoaled  gaa — instantly  exhibits  hghl.  Whether 
Uie  hoot  is  converted  into  light,  or  whether  it  is  concentrated 
and  increased  in  intensity  by  the  sohd  matter  so  as  to  become 
visible,  may  be  open  to  some  doubt :  the  fact  of  solid  matter, 
whuu  ignited  hy  the  oxyhydrogen  jet  decomposing  water,  as 
will  bo  presently  esplainod,  would  seem  to  indicate  tlial  the 
bent  was  rendered  more  intense  hy  condensation  in  tho  solid 
tnatt-er,  os  water  is  in  tlus  case  decomposed  by  a  heated  body, 
which  liody  has  itself  l)een  heated  by  tlie  combining  elements 
of  water.  The  apparent  cCTecl,  however,  of  the  introdnetiou 
of  solid  incombostiblo  matter  into  heated  gaa,  is  a  conversion 
of  heat  into  light. 

T^n  is  another  method  by  which  boat  woold  probably 
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b«  mwle  to  produce  hnninoiu  effects,  Uiongfa  I  un  not  awvo 
that  the  experiment  hag  ever  been  made. 

If  we  concentrate  into  a  focus  by  a  lai^  lene  a  dim  li^t, 
m  increaM  the  intennt?  of  the  light.  Nov  if  a  heated  body 
be  taken,  which,  lo  the  anasmflted  eye,  has  jnst  ceased  to  be 
visible,  it  seana  probaUe  that  by  collecting  and  condensing 
by  a  lens  the  difierent  rays  which  hare  bo  ceased  to  be  Tisi- 
ble,  light  wonld  reiqipear  at  the  focus.  The  experiment  is, 
for  reasons  obvioDS  to  tboae  acqnainted  with  optics,  a  difficult 
(me,  and,  to  be  condnnre,  diould  be  made  on  a  large  scale, 
and  with  a  Tcry  perfect  kms  of  laige  diameter  and  short  fo- 
coa.  I  have  obtained  an  ai^irozimfUioa  to  the  result  in  the 
following  manner : — In  a  dark  room  a  platinum  wire  is 
brought  just  to  the  point  of  visible  ignition  by  a  constant  to[< 
laic  bottory;  it  is  then  viewed,  at  a  short  distance,  throogh 
an  opera-glass  of  large  aperture  applied  to  one  eye,  the  otLcr 
being  kept  open.  The  wire  will  be  distinctly  visible  to  ibat 
eye  which  regards  it  through  the  opera-glass,  and  at  the  same 
time  totally  invisible  to  tlio  other  and  naked  eye.  It  mav  bo 
said  with  some  jiuticc  tJiat  sueh  experiments  prove  little  more 
than  the  fact  already  known,  vii.  that  by  increasing  the  in- 
tensity of  heat,  lig}it  is  produced :  they  however  exhibit  this 
effect  in  a  mbro  striking  furm,  as  bearing  on  the  relations  of 
liiuit  and  light. 

With  regard  to  chemical  affinity  and  magnelitm,  perlinpa 
the  only  inelhrMl  by  whicli  in  strictness  the  force  of  heat  muy 
lie  Huid  to  priHluco  them  is  throtigh  the  medium  of  electricity, 
the  Ihcrmo-uleetrii^al  current,  produced,  as  before  described, 
by  hiialiiig  dissimilar  melals,  being  capable  of  deflecting  the 
■iiagnel,  of  iiiagni;lising  iron,  and  exhibiting  the  other  mag- 
iiiilici  olTt^els,  and  also  of  forming  and  decomposing  chemical 
con  1 1  HIM  nils,  uiid  llii»  in  proportion  to  the  progrcsBion  of  heal : 
IhiH  linH  ii()l,  iiideetl,  as  yet  been  proved  to  bear  a  measurable 
xnaulilalivu  relulion  to  the  other  foreca  thus  produced  by  it, 

oue  BO  little  of  the  heat  is  utilised  or  converted  into  olcc- 


Irici^,  much  being  diasipoteJ,  williout  change,  in  (lie  form  of 
hcut. 

Iloat,  however,  directly  affeots  and  niodifiea  bolh  the  ffiag<- 
net  aiid  ebemifol  compounds  ;  tlie  union  of  eeiioin  chemical 
Bubslauccs  is  induced  bj  heat,  as,  for  tnstaaco,  Ihc  rormatioo 
of  water  by  Iha  union  of  oxygca  and  hydrogen  ga§ea :  in 
olher  eases  this  union  is  facilitated  by  heat,  and  in  many  in« 
Btances,  aa  in  ammonia  and  its  salts,  it  is  weakened  or  antag- 
onised. In  many  of  these  caaee,  hawcTer,  tlie  force  of  heat 
seems  more  a  detcrmioing  than  a  producing  induenco  ;  yet  to 
be  this,  it  must  have  an  immediato  relation  with  tlie  force 
whose  reaction  it  detemiinea :  thus,  although  gunpowder, 
touched  with  an  ignited  wire,  eubsequcntly  carries  on  its  own 
combustion  or  chemical  combination,  independently  of  the 
original  source  of  heat,  yet  the  chcmieal  affinities  of  the  first 
portion  toachcd  must  bo  exalted  by,  and  at  the  cost  of,  the 
heat  of  the  wire  ;  for  to  disturb  even  an  unstable  equilibrium 
requires  a  force  in  direct  relation  wilJi  those  which  maintain 
equilibrium. 

Since  the  first  edition  of  this  essay  was  published,  I  have 
communicated  to  the  Royal  Society  some  exporimenla  by 
which  an  important  exception  to  tlio  general  effect  of  heat  ou 
chemical  affinity  ia  removed,  and  the  reaulte  of  which  indnco 
a  hope  that  a  generalised  relation  will  ultimately  be  estab- 
lished between  heat,  chemical  affinity,  and  physical  attraction. 
I  find  that  if  a  substance  capable  of  supporting  an  intense 
heat,  aud  incapable  of  being  acted  upon  by  water  or  either 
of  its  elements — such,  for  instance,  as  platinum,  or  iridium — 
be  raised  to  a  Jiigh  point  of  ignition  and  then  immersed  in 
water,  bubbles  of  permanent  gas  ascend  from  it,  which  on 
examination  are  found  to  consist  of  mised  oxygen  and  hydro- 
gen in  the  proportions  in  wlucli  they  form  walor.  The  tem- 
perature at  which  this  is  effected  is,  according  to  Dr.  Robin- 
MDii,  who  haa  since  written  a  valuable  paper  on  the  Bnbject, 
^  3366".     Now,  when  mixed  oxygen  aud  hydrogen  ore  ex* 
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poaed  to  a  t«mperatiire  of  Kbont  600°,  they  cambine  and  form 
water ;  beat  therefore  appears  to  act  differently  npon  tbeae 
elementa  according  to  its  intensity,  in  one  case  producing 
conqKiBition,  in  Ibe  oiber  decompositioa.  No  Batisfactoiy 
means  of  reconciling  tbis  apparent  anomaly  have  been  pointed 
ont :  the  best  approximation  to  a  tbeory  wbicb  I  can  &ame  is 
by  assuming  that  the  constitnent  molecoles  of  water  are,  be- 
low a  certain  ten::^>eratiire,  in  a  state  of  stable  equilibrium ; 
that  the  molecules  of  mixed  or  o^hydrogen  gas  are,  above  a 
certain  temperature,  also  in  a  state  of  stable  equilibrium,  but 
of  an  opposite  character;  while  below  this  latter  tempera- 
ture the  molecules  of  mixed  gas  are  in  a  slate  of  unstable 
equilibrium,  somewhat  similar  to  that  of  the  fulminates  or 
similar  bodies,  in  which  a  slight  doraugement  subverts  the 
nicely-balasced  forces. 

If,  for  instance,  we  Eiuppoae  four  molecalos,  A,  B,  C,  D, 
to  be  ID  a  balanced  state  of  equilibrium  between  attracting 
and  repelling  forces,  the  application  of  a  repnlsire  force '  be- 
tween B  and  C,  though  it  may  still  farther  separate  B  and  C, 
will  approximate  B  to  A  and  C  to  D,  and  may  bring  them 
respectively  within  the  range  of  attractive  force  j  or,  sup- 
posing the  repulsive  force  to  be  in  the  centre  of  an  indefinite 
sphere  of  particles,  all  these,  excepting  those  immediately 
allied  on  by  the  force,  will  be  approximated,  and  having  from 
attraction  assumed  a  state  of  stable  equilibrium,  they  will  re- 
tcun  this,  because  the  repulsive  force  divided  by  the  mass  is 
not  capable  of  overcoming  it.  But  if  the  repulsive  force  bo 
increased  in  quantity  and  of  sufficient  intensity,  then  the  at- 
tractive force  of  all  the  molecoles  may  be  overcome,  and  do- 
con^sition  ensue.  Thus,  water  or  steam  below  a  certain 
temperatnre,  and  mixed  gas  above  a  certain  temperature, 
may  be  supposed  to  bo  in  a  stale  of  stable  cquihbrium,  whibt 
below  this  limiting  temperature,  the  equilibrium  of  oxyhy- 
irogen  gas  is  unstable, 

Ttiis,  it  must  be  confessed,  is  but  a  crodo  mode  of  explain* 
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bg  tlio  pLenamona,  aii<l  reqturca  the  aaauinptioti,  that  the 
particles  of  a  gas  exercise  aa  attraclioa  for  each  other  as  do 
the  particles  of  a  eolid,  though  different  in  degree,  perhaps  in 
kinJ.  Whether  this  bo  so  or  not,  there  can  be  iio  doubt  that 
both  gaees  and  solids  expand  or  contract  according  to  the  in- 
Terse  contraction  or  expansion  of  other  ncighbonring  bodies, 
ftud  BO  far  resemble  each  other  in  their  relations  (o  heat  and 
oold.  The  extent  to  which  such  expansion  or  contraction 
can  be  carried,  seems  to  be  limited  only  by  the  correlative 
Blate  of  other  bodies ;  these  again,  by  others,  and  so  on,  as 
far  as  we  may  judge,  throughout  the  universe. 

Adopting  the  explanation  above  given  of  the  decomposi- 
tjou  of  water  by  beat,  beat  would  have  the  same  relation  to 
chemical  atlhuty  as  it  has  to  physical  attraction ;  its  imme- 
diate tendency  is  antagonistic  to  both,  and  it  is  only  by  a  sec- 
ondary action  that  chcuiical  affinity  is  apparently  promoted 
by  heat.  This  view  would  explain  how  heat  may  promote 
oliaogea  of  the  cquilibriuni  of  chemical  alhuity  among  mixed 
oompound  substances,  by  decomposing  certain  compounds  and 
soparaling  elementary  constitnenis  whose  affinity  is  greater, 
when  lliey  are  brought  within  the  sphere  of  attraction  for  the 
substance  with  which  they  are  mixed,  than  for  those  vrith 
which  they  were  ori^naUy  chemically  uniled ;  thus  an  intense 
heat  being  applied  to  a  mixture  of  chlorine  and  the  vapour 
of  water,  occasions  the  production  of  muriatic  acid,  libera- 
ting oxygen. 

Carrying  out  this  view,  it  would  appear  that  a  sufficient 
intensity  of  heat  might  yield  indefinite  powers  of  decomposi- 
tion ;  and  there  seems  some  probability  of  bodies  now  sup- 
posed to  be  elementary,  being  tlecomposed  or  resolved  into 
further  olumcDts  by  the  application  of  heat  of  sufficient  inten- 
Bity ;  or,  reasoning  conversely,  it  may  fairly  be  anticipated 
Uial  bodies,  which  will  not  enter  Into  combination  at  a  certain 
temperature,  will  enter  into  combination  if  tlieir  temperature 
be  lowered,  tmd  that  thus  now  compouads  may  be  Ibmted  hj 
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a  proper  duposition  of  tLeir  oonedtaents  when  exposed  to  tui 
extremely  low  tamperatnre,  and  the  more  so  if  compresaion 
be  also  employed. 

In  coDBidering  the  effect  of  heat  as  a  mechanical  force,  tt 
wonld  be  expected,  d  priori,  and  independently  of  any  theory 
of  heat  which  may  be  adopted,  that  a  given  amount  of  heat 
acting  on  a  given  material  mnst  prodnce  a  given  amonnt  of 
motive  power;  and  the  next  qoeation  which  occnrs  to  the 
mind  is,  whether  the  same  amount  of  heat  would  prodnce  the 
same  amonnt  of  mechanical  power,  whatever  be  the  material 
acted  on  or  affected  by  tiie  best.  I  will  endeavonr  to  reason 
this  ont  on  the  view  of  heat  which  I  have  advocated.  Heat 
baa  been  considered  in  this  essay  as  itself  motion  or  mechan- 
ical power,  and  quantity  of  heat  as  measured  by  motion. 
Thus,  if  by  a  given  contraction  of  a  body  (say  mercury)  air 
within  a  cylinder  having  a  moveable  piston  be  expanded,  the 
piston  moves,  and  in  this  case  the  expansion  or  motion  of  the 
material  (say  iron)  of  the  cylinder  itself  and  of  tbo  air  sur- 
rounding  it  is  commonly  neglected.  As  the  air  dilates  it  be- 
comes colder  ;  in  other  words,  by  undergoing  expansion  itself, 
it  loses  its  power  of  making  neighbouring  bodies  expand ; 
but  if  the  piston  be  forcibly  kept  down,  the  expansive  power 
due  to  the  mercory  continues  to  communicate  itself  to  tlie 
iron  and  to  tlie  surrounding  air,  which  become  hotter  than 
they  would  if  the  piston  had  given  way. 

Now,  in  the  above  case,  if  the  air  be  confined  and  its 
volume  unchanged,  will  the  expansion  of  the  iron,  assuming 
that  it  can  be  utilised,  produce  an  exactly  equivalent  mechan- 
ical effect  to  that  which  the  expansion  of  the  air  would  pro- 
duce if  the  heat  be  entirely  confined  to  it? 

Assuming  that  (with  the  exception  of  bodies  which  ex- 
pand in  freezing,  where,  through  a  limited  range  of  tempera^ 
turc,  the  converse  efFects  obtain)  whenever  a  body  b  com- 
pressed it  is  heated,  i.  e.  it  expands  nei^bonring  substances ; 
whenever  it  it  dilated  or  ino-eased  in  volume  it  ia  cooled,  i.  e 
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it  contractB  neiglibonring  subelancea — tlio  conclusion  ap- 
pears to  me  inevitable  thut  tbe  mechanical  power  produced 
by  lieftt  will  be  definite,  or  the  same  for  a  given  amount  and 
mlcnsily  of  heat,  whutei-er  be  tlie  substance  acted  on. 

I,  let  A  be  a  definite  source  of  heat,  say  a  pound  of 
mercury  at  (he  temperature  of  400"  ;  let  B  bo  another  equal 
and  similar  boutcb  of  Lcat:  Biipposo  A  be  employed  to  raise 
a  piBlon  by  the  dilatation  of  air,  and  B  lo  raiso  another  pis- 
Ion  by  the  dilatation  of  the  vapour  of  water.     Imagine  the 
pistons  attached  to  a  beam,  so  that  they  oppose  each  other's 
■ctioH,  and  thus  represent  a  sort  of  calorific  balance.     If  A 
I    being  applied  to  air  could  conquer  B,  which  is  applied  to 
water,  it  would  deprosa  or  throw  back  the  piston  of  the  latter, 
and,  by  compressing  tbe  vapour,   occasion  an  increase  of 
'   temperature ;  this,  in  its  turn,  would  raise  the  temperature 
'    of  the  source  of  heat,  so  that  we  should  have  the  anomaly 
that  a  pound  of  mercury  at  400''  coold  heat  another  pound 
lercury  at  iOO''  to  401°,  or  to  some  point  higher  than  its 
original  temperature,  and  tliia  without  any  adventitious  aid : 
it  will  be  obvious  that  this  is  impossible,  at  least  cootradic- 
tory  to  the  whole  rango  of  our  experience. 

The  above  experiment  ia  ideal,  and  stated  for  the  object 
i  of  giving  a  more  precise  form  to  the  rcasoaing  ;  to  bring  the 
'    idea  more  prominently  into  relief,  all  statements  as  to  qoan- 
'  lilies,  Bpeclfiu  heals,  &c.,  so  a«  to  yield  comparative  results 
fiir  given  materials,  are  omitted.      The  argument  may  bo 
I    thus  slated  in  another  form,  viz.  that  by  no  mechanical  appli- 
ance or  difierence  of  material  acted  on  can  a  given  source 
of  heat  lie  made  to  produce  more  heat  thaa  it  origiuaUy 
I   possessed ;  and  that,  if   all  be   converted  into  mechanical 
power,  aa  excess  cannot  be  supposed,  for  that  could  bo  con- 
Terled  into  nenq^his  of  heat,  and  bo  ncriationof  force;  and 
'   ■  defi(ut  cannot  be  supposed,  for  that  wonld  be  anaihilatiou 
,   of  force.     I  cannot,  however,  soo  how  tho  theoretical  concep' 
r  tiaa  could  be  voritlod  by  evperimeiii ;  Iho  onormona  weights 
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and  tLe  complex  mechanical  contriTaaces  Tcqnigite  to  giva 
the  meaanre  of  power  yielded  by  matter  in  its  leas  dilatable 
fomu,  wonld  be  far  beyond  onr  present  experimental  re- 
ooTces.  K  wonld  also  be  difficult  ta  prevent  the  interference 
of  molecular  attractiona,  inertia,  &c.,  the  overcoming  of 
which  expends  a  part  of  the  mechanical  power  generated, 
bnt  which  coold  hardly  be  made  to  appear  in  the  result. 
We  could  not,  for  instance,  practically  realise  the  above  coi^ 
eeption  by  the  constmcdon  of  a  machine  which  shoold  act  by 
the  expansion  and  contraction  of  a  bar  of  iron,  and  produce  a 
power  equal  to  that  of  a  steam  engine,  snpplied  with  an  equal 
qnandty  of  heat. 

Camot,  irfio  wrote  in  1824  an  essay  on  the  motive  power 
of  heat,  regarded  the  mechanical  power  produced  by  heat  as 
resulting  from  a  transfer  of  heat  from  one  point  to  another, 
without  any  ultimate  loss  of  heat.  Thus,  in  the  action  of  an 
ordinary  steam  engine,  the  heat  from  the  fhmace  having  ex- 
panded the  water  of  the  boiler  and  nused  the  piston,  a 
mechanical  motion  is  produced ;  but  this  cannot  be  continued 
without  the  removal  of  the  heat,  or  the  contraction  of  the  ex- 
panded water.  This  is  done  by  the  condenser,  and  the  piston 
descends.  But  then  we  have  apparently  transferred  the  heat 
firom  the  fiimaco  to  the  condenser,  and  in  the  transfer  effected 
mechanical  motion. 

Should  the  mechanical  motion  produced  by  heat  be  con- 
sidered as  the  effect  of  a  simple  transference  of  heat  from  one 
point  to  another,  or  as  the  result  of  a  conversion  of  heat  into 
the  mechanical  force  of  which  this  motion  is  the  result  ?  This 
qncstiou  leads  to  the  following :  does  the  heat  which  generates 
the  mechanical  power  retimi  to  the  thermal  maciiinc  as  heat, 
or  is  it  conveyed  away  by  the  work  performed  ? 

If  a  definite  quantity  of  air  be  heated  it  is  expanded,  and 
by  its  expansion  it  cools  or  loses  some  of  its  power  of  com- 
municating heat  to  neighbouring  bodies.  That  which  we 
should  have  called  heat  if  the  expansion  of  the  wr  had  been 
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prevented,  we  call  naochaoical  effect,  or  may  view  as  converted 
into  mechanical  effect  ceasing  to  be  heat ;  but,  throwing  out 
of  the  question  nervous  sensation,  this  expansion  or  mechant- 
ral  effect  ia  all  the  evidence  we  have  of  Lcat,  for  if  the  air  is 
allowed  to  expand  freely,  this  expansion  becomes  the  index 
of  the  heat ;  if  the  air  bo  confined,  the  expansion  of  the 
matter  of  the  vessel  confining  it,  or  of  the  mercury  of  a  ther- 
mometer  in  contact  with  it,  &c,,  ore  the  indices  of  the  heat. 

If,  again,  the  air  which  has  been  expanded  be,  by  mechani- 
cal pressarc  or  by  other  means,  restored  to  its  original  bulk, 
it  is  capable  of  heating  or  expanding  other  substances  to  a 
degree  to  which  it  would  not  be  equal,  if  it  had  remained  in 
jls  expanded  state.  To  produce  continuous  motion,  or  the 
np  and  down  stroke  of  a  piston,  wo  must  heat  and  cool,  jnst 
OS  with  a  magnetic  macliiue  wc  ninst  magnetieo  and  demagne- 
tise in  order  to  produce  a  continuous  mechanical  effect ;  and 
although,  from  the  imposeihility  of  iosnlaling  heat,  some  heat 
is  apparently  lost  in  the  process,  the  result  may  be  said  to  be 
effected  by  Iho  troDsfer  of  heat  from  the  hot  to  the  cold  body, 
from  the  furnace  to  the  condenser.  But  wo  may  equally  well 
say  that  the  heat  has  been  converted  into  mechanical  force, 
and  the  mechanical  force  bock  into  heat ;  the  effects  are 
always  correlative,  as  arc  the  mechanical  effects  of  an  air 
pomp,  with  which,  as  we  dilate  the  air  on  one  side,  wo  eon 
dense  it  on  the  other ;  and  as  we  cannot  dilate  without  the 
reciprocal  condensation,  so  wo  cannot  heat  without  the  recip- 
rocal cooling,  or  vice  vcrsS. 

Hitherto  the  resifltanccs  of  the  piston  or  of  ony  superim- 
posed weight  have  been  thrown  ont  of  consideration,  or,  what 
amounts  to  the  same  tiling,  it  has  boon  assumed  lliat  tlio 
weight  raised  by  the  piston  has  descended  with  it.  The  heal 
)  not  merely  been  employed  in  dilating  the  air  or  vapour, 
I  nusing  the  piston  with  ils  weight.  If,  as  the  vapour 
nrcight  bo  pennittcd  to  descend,  ils  mechanical 
torea  the  heat  bst  by  the  dilatation ;  but  in  this  case 
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no  pftTt  of  the  power  caa  be  abstracted  so  as  to  bo  employed 
for  any  practical  purpose :  this  question  then  follows,  nliat 
takes  place  with  regard  to  the  initial  heat,  if,  ailer  the  ascent 
of  the  piston,  the  weight  be  removed  so  as  not  to  help  the  pis- 
ton in  its  descent,  but  to  fall  upon  a  lever  or  produce  some 
axtraneons  mechanical  effect? 

To  answer  this  question,  let  us  suppose  a  weight  to  rest 
on  ft  piston  which  confines  air  at  a  definite  temperature,  say 
tar  examjde  50°,  in  a  (rflinder,  tLe  whole  being  assumed 
to  be  abaolotelf  non-conducting  for  heaL  A  part  of  the  heat 
of  this  Gonflned  air  will  be  dae  to  the  pressure,  since,  as 
we  have .  Been,  conqtression  of  an  elastic  finld  produces 
heat. 

Suppose,  now,  the  confined  ur  to  be  heated  to  70°,  the 
piston  with  its  saperincumbent  weight  will  ascend,  and  the 
tempcnitnre,  in  consequence  of  the  dilatation  of  the  air,  will 
be  somewhat  lowered,  say  to  69°  (we  will  assume,  for  the 
Bake  of  simplicitj,  that  the  heat  engendered  by  the  friction  of 
the  piston  compensates  the  force  lost  hy  friction). 

The  piston  having  reached  its  maximum  of  elevation,  lut 
a  cold  body  or  condenser  take  away  20"  from  the  temperature 
of  the  confined  air ;  the  piston  will  now  descend,  and  by  the 
compression  which  the  wei^t  on  it  produces,  wiU  restore  the 
1°  lost  by  dilatation,  and  when  the  piston  reaches  its  original 
position  the  temperature  of  the  air  will  be  restored  to  50'. 
Suppose  this  experiment  repeated  np  to  the  rise  of  the  piston ; 
but  when  the  piston  is  at  its  full  elevation,  and  the  cold  body 
applied,  let  the  weight  be  removed,  so  as  drop  upon  a  wIicl-I, 
or  to  be  used  for  other  mechanical  porposcs.  The  descend- 
ing  piston  will  not  now  reach  its  original  point  wltiiout  more 
heat  being  abalraclcd ;  in  consequence  of  the  removal  of  llie 
wnight,  tlicre  will  not  be  the  same  force  to  restore  the  1^,  and 
the  temperature  will  bo  40^,  or  some  fraction  short  of  the 
original  50".  Iftliis  were  otherwise,  then,  as  the  weight  in 
falling  may  bo  made  to  produce  hoot  by  friction,  wo  slionld 
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Iiuro  more  heat  ih&n  al  first,  or  a  creation  of  heat  out  of  aotb- 
ing — in  other  words,  perpctuul  motion. 

Let  na  now  assume  tliat  thia  20^  supplied  in  the  first  in- 
stance was  }-icMcd  by  a  body  at  HO",  of  such  size  and  maturial 
that  its  total  capacity  tor  heat  id  equal  to  that  of  the  mass  of 
confined  air :  thia  body  would  be  reduced  in  temperature  to 
70^,  in  other  words,  our  liimacfl  would  have  lost  30°  of  heat. 
Let  tlic  cold  body  of  the  same  size  and  material,  used  as  a 
Fondenscr,  bo  at  30°.  In  the  first  experiment,  the  body  at 
30°  would  bring  back  the  piston  to  its  original  point ;  but  in 
the  second  experiment,  or  that  where  the  weight  has  been 
removed,  the  body  at  30"  would  not  auiEce  to  restore  the  pis- 
ton :  to  cfi'ect  this,  lie  cold  body  or  eondeuser  must  be  at  a 
lower  temperature. 

The  question  in  Camot'a  theory,  which  is  not  experi- 
mentally resolved,  and  which  presents  extreme  experimental 
difilculty,  is  the  following ;  Granted  that  a  piston  with  a 
niperimposcd  weight  be  raised  by  the  thermic  expansion  of 
confined  gas  or  vapour  below  it ;  if  the  elastic  medium  bo 
restored  to  its  ori^al  temperature  by  cooling,  Iho  weight  in 
depressing  the  piston  will  restore  Itmt  portion  of  the  heat 
which  bos  been  lost  by  the  expansion,  and  by  the  mechanical 
effect  consequent  thereon ;  but  if  the  weight  be  removed  when 
at  its  maximum  of  elevation,  and  the  piston  bo  brought  back 
to  ita  starting  point  by  a  necessarily  cooler  body  than  could 
restore  it  if  the  weight  wom  not  removed,  would  the  retura  of 
"'  !  piston  now  restore  the  heat  which  had  been  lost  by  the 
I  dilatation,  or,  in  other  words,  would  pulling  the  piston  down 
by  cold  restore  Iho  heat  equally  with  the  pressing  it  down  by 
mechauical  force?  The  argument  from  the  impossibility  of 
perpetual  motion  would  say  no,  for  if  all  the  heat  wore 
restored,  the  meclianical  efiect  produced  by  iho  fall  of  the 
weight,  or  the  heating  effect  which  might  bo  made  to 
remit  Irom  this  mechanical  power,  would  be  got  &om 
nothii^. 
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Thea  follows  another  qneation,  vis.  vLeUier,  where  an  ex- 
.  temal  or  derived  mechanical  effect  has  been  obtoioed,  would 
the  return  of  the  piston,  effected  withont  the  weight  or  exter- 
nal force  to  asaiBt  it,  but  solely  bj  tiie  coldttr  body,  give  to 
this  latter  the  same  nninbor  of  thermometric  degrees  ae  had 
been  lost  by  the  hot  body  in  the  first  instance?  Suppose,  for 
instance,  the  cold  body  in  onr  experiment  to  be  at  20°  instead 
of  30'',  wonld  this  body  gain  20°,  and  then  readi  the  tempera- 
tnre  of  iO"  when  the  piston  is  broog^t  back,  or  would  its 
temperatnre  be  higher  or  lower  than  40°?  The  argument 
from  the  impossibility  of  perpetual  motion  does  not  apply 
here,  for  it  does  not  necessarily  follow  that  20°,  on  the  ther- 
mometric scale  from  20°  to  40°,  represents  an  equal  amount 
of  force  to  20°  on  the  scale  from  70°  to  90°,  and  therefore  it 
is  quite  conceivable  that  we  may  lose  20°  from  the  fhraaco, 
and  gain  20°  in  the  condenser,  and  yet  have  obtained  a  cer- 
tain amount  of  derived  mechanical  power.  It  vriU  also  follow, 
upon  a  considcralion  of  the  above  imaginary  experiments, 
that  the  greater  the  mechanical  power  required,  the  greater 
should  be  the  difference  between  the  temperature  of  tho. 
furnace  and  that  of  iho  condenser ;  but  tho  exact  relation  in 
temperature  between  these,  for  a  given  mechanical  effect,  has 
not,  as  far  as  I  am  aware,  been  satisfactorily  established  by 
experiment,  though  it  has  been  shown  that  steam  at  high 
pressure  produces,  comparatively,  a  greater  mechanical 
effect  for  the  same  number  of  degrees  than  steam  at  low 
pressure. 

Carnot,  asBonuDg  the  nnmber  of  degrees  of  temperature 
to  be  restored,  but  at  a  lower  pointof  the  thermometric  scale, 
termed  this  the  fall  {chute)  of  caloric.  The  mechanical  effect 
of  heat,  on  this  view,  may  bo  likened  to  that  of  a  series  of 
cascades  on  water-wheels.  The  highest  cascade  turns  a 
wheel,  and  produces  a  given  mechanical  effect ;  the  water 
which  has  -produced  this  cannot  again  effect  it  at  tho  same 
level  without  being  carried  back  to  its  original  elevation,  1.  c. 


.  an  extra  force  being  employed  equivalent  to,  or 
a  fraction  more   tLun  the  force    of  the  deecending 


water ;  but  though  its  power  is  spent  witli  reference  to  the 
first  wheel,  the  some  water  may,  by  falling  over  a  new 
precipice  npon  a  second  wheel,  again  reproduce  the  same 
mechanical  effect  (strictly  speaking,  rather  more,  tor  it  has 
approximalcd  the  centre  of  gravity),  and  so  on,  until  no 
luwer  fall  can  be  attained.  So  with  heat :  it  involves  no 
necessity  of  assuming  perpetual  motion  to  suppose  that,  oiler 
s  given  mechanical  bfiect,  produced  by  a  certain  loss  of  beat, 
the  number  of  degrees  lost  from  the  original  temperature 
may  be  restored  to  the  condenser,  but  at  a  lower  point  of  the 
thermometric  scale. 

If  work  has  been  done,  i.  e,  if  force  has  been  ported 
Trilh,  the  original  temperature  itself  cannot  bg  restored,  but 
there  is  no  a  priori  impossibility  in  the  same  number  of 
degrees  of  heat  as  have  been  converted  into  work  being  con* 
Teyed  to  a  condensing  body  so  cold  that,  when  it  receives  this 
heat,  it  will  still  be  below  the  original  temperature  to  which 
the  wort-producing  beat  was  added. 

In  the  theory  of  the  steam-engine,  Ibis  subject  possesses 
a  great  practical  interest.  Watt  Eup2>oaed  that  a  given 
weight  of  water  required  the  same  quantity  uf  what  is 
termed  total  beat  (that  is,  the  sensiblo  added  to  the  latcut 
heal)  to  keep  it  in  the  stale  of  vapour,  whatever  was  tlio 
pressure  to  which  it  was  subjected,  and,  consequently,  how- 
ever itfl  expansive  force  varied.  Clement  Deaormos  was 
also  supposed  to  have  experimentally  veriJied  this  law.  If 
tills  were  so,  vapour  raising  a  piston  with  a  weight  attached 
would  produce  mechanical  power ;  aud  yet,  Ibe  same  heat 
cxisliag  as  at  first,  there  would  be  uu  expenditure  of  the 
initial  force  ;  and  if  we  suppose  that  the  heat  in  the  condens- 
er was  the  real  representative  of  the  original  heat,  we 
should  get  perpetual  motion.  Southern  supposed  that  the 
latent  beat  was  constant,  and  that  Iho  heat  of  vapour  under 
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pressure  jncreaaed  as  Hie  sensible  heat.  M,  Desprete,  in 
1832,  made  some  experiments,  whi^  led  him  to  the  coo- 
dasioQ  that  the  increase  was  not  in  the  same  ratio  as  the 
sensible  heat,  bnt  that  yet  tiiere  was  an  increase ;  a  result 
confirmed  and  verified  with  great  accnracj  by  M.  Segnault, 
in  some  recent  and  elaborate  researches.  What  seems  lo 
have  occasioned  the  error  in  Watt  and  Clement  Dcsonnes* 
experiments  was,  the  idea  inrolved  in  the  term  latent  heat ; 
by  which,  supposing  the  phenomenon  of  the  disappearance  of 
sensible  heat  to  be  doe  to  the  absorption  of  a  material  sub- 
stance, that  substance, '  caloric,'  was  thought  to  be  restored 
when  the  vapour  was  condensed  by  water,  eTon  thongh  the 
water  was  not  subjected  to  pressure ;  bnt  to  estimate  the 
total  heat  of  vapour  under  pressure  the  vapour  shonld  be 
condensed  while  subjected  lo  the  same  pressure  as  that  under 
which  it  is  generated,  as  was  done  in  M.  Despretz  and  M. 
Regnaulf  B  experiments. 

M.  Seguin,  in  1839,  controverted  the  position  that  derived 
power  could  be  got  by  the  mere  transfer  of  heat,  and  by 
calculation  &om  certain  known  data,  such  as  the  law  of  Mar-  . 
iotte,  viz.  that  tiie  elastic  force  of  gases  and  vapours  increas- 
ed directly  with  the  pressure  ;  and  assuming  that  for  vapoiur 
between  100°  and  150°  centigrade,  each  degree  of  elevation 
of  temperature  was  produced  by  a  thermal  unit,  he  deduced 
Ihe  equivalent  of  mechanical  work  capable  of  being  perform- 
ed by  a  given  decrement  of  heat ;  and  thus  concluded  that, 
for  ordinary  pressures,  about  one  gramme  of  water  losing 
one  degree  centigrade  would  produce  a  force  capable  of  rais- 
ing a  weight  of  500  grammes  through  a  space  of  one  mttrc : 
this  estimate  is  a  little  beyond  that  given  by  the  converse  ex- 
periments of  Mr.  Joule,  already  stated,  in  which  the  heat 
produced  by  a  given  amount  of  mechanical  action  is  estimat- 
ed. I  am  not  aware  that  the  amount  of  mechanical  work 
which  is  produced  by  a  given  quantity  of  heat  has  been  di- 
rectly established  by  experiment,  though  some  approximative 
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reaulta  in  pardcnlar  coses  have  been  given.  Theoretically  it 
should  bo  the  same — that  U  to  say,  if  a  foil  of  772  lbs, 
through  a  space, of  oae  foot  will  raise  tho  temperature  of  1  lb. 
of  water  throogh  one  degree  of  Fahrenheit,  then  tho  fall  in 
tho  temperature  of  1  lb.  of  water  through  one  degree  of  Fah- 
renheit should  be  able  to  raise  772  Iba.  through  a  space  of 
one  foot.  The  calculations  of  M.  Scguin  are  not  far  from 
thia,  bat  since  the  elaborate  espeiiments  of  At.  Regnault  he 
has  expressed  some  doubt  of  the  correctness  of  his  former 
estimale,  aa  by  these  experiments  it  appears  that,  within  cer- 
tain limits,  for  elevating  the  tempemtiirc  of  comprcBscd  va- 
pour 1^  one  degree,  no  more  than  about  three -teutlia  of  a  de- 
gree of  total  heat  ia  required ;  coiiacquently,  the  equivalent 
multiplied  in  this  ratio  would  he  1,6GG  grammes,  instead  of 
500.  Other  investigators  have  given  numbers  more  or  less 
discordant ;  so  that,  without  giving  any  opinion  on  their  dil- 
fcrent  resulla,  this  question  may  be  considered  at  present  far 
from  lettled.  M.  Beguault  himself  does  not  give  the  law  by 
which  the  ratio  of  heat  varies  with  reference  to  the  pressure, 
and  is  still  bebeved  to  be  engaged  in  researches  on  the  sub- 
ject— one  involving  quealioas  of  which  experiments  on  tho 
mechanical  effects  of  eloatic  fluids  seem  to  offer  the  most  pro- 
mising means  of  solution. 

I  have  endeavoured  to  give  a  proof  (hy  showing  the 
anomaly  to  which  the  contrary  conclusion  would  lead)  that^ 
whatever  amount  of  mechanical  power  is  produced  hy  one 
mode  of  appUcalion  of  heat,  tlio  eamo  should,  in  theory,  be 
equally  produced  by  any  other  mode.  But  in  practice  the 
difference  is  itnmcnac  ;  and  therefore  it  becomes  a  question 
of  great  interest  practically  to  ascertain  what  is  the  most 
convenient  medium  on  which  to  apply  the  heat  employed,  and 
the  best  machinery  for  economising  it.  One  great  problem 
to  be  solved  is  the  saving  of  the  heat  which  the  steam  in  or- 
dinary engines,  after  having  done  its  work,  carries  into  the 
coudenser,  or,  in  the  high-pressure  engine,  into  the  air.      It 
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Is  argued  you  have  a  large  amonut  of  fuel  consumed  to  raise 
water  to  the  boiling  point,  at  irtiich  its  effideucy  as  a  motive 
agent  commences.  AAerithaadoneasmalLportionof  work, 
and  while  it  still  retains  a  yery  large  portion  of  the  heat  ori- 
ginally communicated  to  it,  you  reject  it,  and  have  to  start 
again  with  a  fiesh  portion  of  steam  which  has  similarly  ex- 
hausted fuel — ^in  other  words,  you  throw  away  all,  and  more 
than  all  the  heat  which  has  been  employed  in  raising  the 
water  to  the  boiling  point.  Various  plans  have  been  devised 
to  remedy  this.  Using  again  the  warm  water  of  Uio  conden- 
SBT  to  feed  the  boiler  regains  a  part,  but  a  very  small  part,  of 
the  heat.  Employing  the  steam  first  for  a  high  pressure,  and 
Uien  before  its  rejection  or  condensation  using  it  for  a  low 
pressure,  cylinder,  is  a  second  mode ;  a  third  is  to  use  the 
steam,  after  it  hoe  done  its  woil:  on  the  piston,  as  a  source  of 
heat  or  second  ftimace,  to  boil  ether,  or  some  liquid  which 
evaporates  at  a  lower  temperature  than  water.  These  plans 
have  certain  advantages ;  bat  tiie  complexity  of  apparatus, 
the  danger  from  combustion  of  ether,  and  other  reasons, 
have  hitherto  precluded  their  general  adoption.  Under  the 
term  regenerating  engine  various  ingenious  combinations 
have  lately  been  suggested,  and  some  experimental  engines 
tried,  with  what  success  it  is  perhaps  too  early  at  present  to 
pronounce  an  opinion.  The  fimdamental  notion  on  which 
this  daBS  of  engine  is  based  is  that  the  vapour  or  air,  when 
it  has  performed  a  certain  amount  of  work,  as  by  raising  a 
piston,  should,  instead  of  being  condensed  or  blown  off,  bo 
retained  and  again  heated  to  its  original  high  ten^ratun, 
and  then  used  de  notw;  or  that  it  should  impart  its  heat  to 
some  other  substance,  and  the  latter  in  turn  impart  it  to  the 
fresh  vapour  about  to  act  The  latter  plan  has  been  proposed 
by  Mr.  Ericsson:  he  passes  the  air  which  has  done  its 
work  through  layers  of  wire  ganze,  which  are  healed  by  tho 
rejected  ur,  and  throng  which  the  next  charge  of  air  is 
made  to  pass.    M.  Seguin  and  Mr.  Siemens  have  oonstmcU 
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eil  macbiucB  upon  the  former  principle,  whidi  are  Buid  to 
have  given  good  ezporiincntal  results.  There  is,  however, 
&  theoretical  diiliciilty  in  all  tlicsc,  not  affecting  their  capabil- 
ity of  acting,  but  affecting  the  quealion  of  ecouomj,  which  it 
(Iocs  not  seem  easy  to  escape  from.  Whether  the  healed  aii 
or  vapour  be  retained,  or  whetlicr  it  yield  its  heat  to  a  motal- 
Uc  or  other  substance,  this  heat  must  exercise  its  usual  repul- 
sive force,  and  this  must  re-act  either  against  the  returning 
piston  or  against  the  incoming  vapour,  and  require  a  greater 
pressure  in  that  to  neutralise  it.  Vapour  raising  a  piston  and 
producing  mechanical  force  oilects  this  with  decreasing  power 
in  proportion  as  the  piston  is  moved.  At  a  certain  point  the 
piston  is  arrested,  or  the  stroke,  as  it  is  termed,  is  completed, 
but  there  is  still  compressed  vapour  in  the  cylinder  capable 
of  doing  work,  but  bo  little  that  it  is,  and  must  in  practice 
be  neglected  j  if  this  compressed  vopour  be  retained,  the  pis- 
ton coimot  be  depressed  williout  an  extra  force  capable  of 
over  coming  the  resbtanceof  this,  so  to  speak,  somi-compresa- 
ed  vapour,  in  addition  to  that  which  is  requisite  to  produce  the 
nonmil  work  of  tlio  machine  ;  and  in  whatever  way  tlie  resi- 
doal  force  be  retained,  it  must  cither  be  antagonised  at  a  loaa 
of  power  for  the  initial  force,  or  at  most  can  only  yield  the 
more  feeble  power  which  it  would  have  originally  given  if  it 
hod  been  allowed  to  act  for  a  longer  stroke  on  the  piston.  It 
may  be  that  a  portion  of  this  residual  force  may  be  econo- 
mised ;  indeed,  this  is  done  when  the  boiler  is  charged  with 
warm  wat«r  from  the  condenser,  instead  of  with  cold  water ; 
but  lome,  indeed  a  notable  loss,  seems  Inevitable. 

Without  &rther  discussing  the  various  inventions  and  the- 
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;3  on  this  subject,  which  are  doily  receiving  ii 
velopment,  it  may  be  well  to  point  out  how  far 
tancea  art  in  its  present  state.     According  to  socd 
limatcs,  the  most  economical  of  our  furnaces 
ten  to  twenty  times  as  much  fuel  to  produce  tJi 


reoscd  de- 
car  eful  es- 
quantity 


of  heat  as  on  animal  produces ;    and  Matteucci  found  that, 
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from  a  given  constunpdon  of  zinc  in  a  voltaic  battery,  a  far 
greater  mechanical  efiect  conld  be  prodoced  hy  making  it  act 
on  the  limba  of  a  recently-killed  frog,  notwithstanding  the 
manifold  defects  of  such  an  arrangement  and  ita  inferiority 
lo  the  action  of  the  living  animal,  than  when  the  same  bat- 
tery was  made  to  produce  mechanical  power,  by  acting  on  an 
electro-magneticorother artificialmotorapparatns.  Theratio 
in  his  experiments  was  nearly  six  to  one.  Thos  in  all  oar  arti- 
ficial combinations  we  can  bat  apply  natural  forces,  and  with 
&r  inferior  mechanism  to  that  which  is  perceptible  in  the 
economy  of  natmre. 

Katnre  is  made  better  by  no  mean ; 
But  natsre  makea  that  mean ;  so  o'er  that  art, 
Which  yoD  say  adds  to  natnre,  is  an  art 
That  nature  mokes. 

A  speculation  has  been  thrown  out  by  Mr.  ThompsoD, 
that,  as  a  certain  amount  of  heat  results  from  mechanical  ac- 
tion, cbcmical  action,  &c.,  and  tbis  heat  is  radiated  inU>  space, 
there  must  be  a  gradual  diminution  of  temperature  for  the 
earth,  by  which  espcnditore,  however  slow,  being  continuous, 
it  wonld  ultimately  be  cooled  to  a  degree  incompatible  with 
the  existence  of  animal  and  vegetable  life — in  short,  that  the 
earth  and  the  planets  of  our  system  are  parting  vrith  more 
heat  than  they  receive,  and  are  therefore  progressively  cool- 
ing. Geological  researches  support  to  some  extent  this  view, 
as  they  show  that  the  climate  of  many  portions  of  the  terres- 
trial surface  was  at  remote  periods  hotter  than  at  the  prcscat 
time  :  the  animals  whose  fossilised  remains  are  found  in  aii> 
dent  strata  have  their  organism  adapted  to  what  wo  should 
now  term  a  hot  climate.  There  are,  however,  bo  many  cii^ 
cumstances  of  dilBculty  attending  cosmtcal  speculations, 
that  but  httlo  reliaoco  can  be  placed  upon  the  most  profound. 
We  know  not  tbe  original  source  of  terrestrial  heat ;  still 
less  that  of  the  solar  heat ;  we  know  not  whether  or  not  sys- 
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tenia  of  planets  m&j  bo  so  conslituted  as  to  commimicata 
forces,  inler  se,  so  that  ibrcts  which  have  hitherto  osuaped 
detection  may  he  in  a  continuous  or  recurrmg  state  of  inter 
change. 

The  inovcmcDls  produced  by  mutual  gravitation  may  l^ 
the  means  of  calling  into  csiatence  molocnlar  forces  within 
the  snbatances  of  the  planets  themaelves.  As  neither  from 
observation,  nor  from  deduclion,  can  we  fix  or  conjecture  any 
boundary  to  the  universe  of  stellar  orbs,  as  each  advance  in 
telescopic  power  gives  us  a  new  shell,  so  to  speak,  of 
stars,  we  may  regard  our  globe,  in  the  limit,  ossurroundedby 
B  sphere  of  matter  radiatiug  heat,  light,  and  possibly  other, 
forces. 

Such  stellar  radiations  would  not,  from  the  evidence  we 
hare  at  present,  appear  sufficient  to  supply  the  loss  of  heat 
by  Icrrcitriol  radiations  ;  but  it  is  quite  conceivable  that  the 
whole  solar  system  may  pass  through  portions  of  space  hav- 
ing different  temi>ertttures,  as  was  suggested,  I  believe,  by 
Foisaon ;  that  aa  we  have  a  terrestrial  summer  and  winter, 
so  there  may  ho  a  solar  or  systematic  summer  and  winter,  in 
which  case  tlie  heat  lost  during  the  latter  period  might  be  re- 
stored daring  the  former.  The  amount  of  the  radiations  of 
the  celestial  bodies  may  again,  &om  changes  in  their  positions, 
vary  tlirongh  epochs  which  are  of  enormous  duration  as  re- 
gards the  existence  of  the  human  species. 

The  views  of  Mr.  Tliompson  differ  from  those  of  Laplace, 
recently  enforced  by  M.  Babinot,  which  snppose  the  planets 
to  hare  been  formed  by  a  gradual  condensation  of  nebulous 
matter.  A  modlficntion  of  this  view  might,  perhaps,  be  sug- 
gested, viz.  that  worlds  or  systems,  instead  of  being  created 
08  wholes  at  definite  periods,  are  gradually  changing  by  at- 
moaphoric  additions  or  subtractions,  or  by  accretions  or  dim- 
inutions arising  from  nebulous  substance  or  from  meteoric 
bodies,  so  that  no  star  or  planet  could  nt  any  time  1)0  said  to 
be  created  or  destroyed,  or  to  be  in  a  stalo  of  absolutd  stobil- 
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itf ,  bat  that  some  may  be  increanng,  otLerfi  dwindling  away,- 
and  BO  throQghoat  the  nniTeTBe,  in  the  post  as  in  the  fbtore. 
When,  howeTer,  qoestionB  relating  to  cosmogony,  or  to  the 
begimung  or  end  of  worlds,  are  contemplated  from  a  phyei- 
«al  point  of  view,  Ihe  period  of  time  orer  which  our  experi- 
ence, in  its  most  enlai^ed  sense,  extends,  is  so  indefinitely 
minute  with  ref^orence  to  that  whicli  most  be  required  for  any 
notable  change,  even  in  our  own  planet,  that  a  variety  of  die- 
oiies  may  be  framed  eqnaDy  incapable  of  proof  or  of  di^ 
proof.  We  have  no  means  of  aecertaining  whether  many 
dianges,  which  endure  in  the  same  direction  for  a  term  be- 
yond the  range  of  hnman  experience,  are  really  continoous  or 
only  secular  variations,  which  may  be  compensated  for  at 
periods  far  beyond  onr  ken,  bo  that  in  such  cases  the  ques- 
tion of  comparative  stability  or  change  can  at  beat  be  only 
answered  as  to  a  term  which,  thoogh  enormous  with  refer- 
ference  to  onr  computations,  sinks  into  nothing  with  reference 
to  cosmical  time,  if  cosmical  time  be  not  eternity.  Subjects 
such  as  these,  thongh  of  a  kind  on  which  the  mind  doligbta 
to  spccolalo,  appear,  with  reference  to  any  hope  of  attuning 
reliable  knowledge,  far  beyond  the  readi  of  any  present  or 
immediately  prospective  capacity  of  man. 


IV.    ELECTRICITY. 


ELECTRICITY  i 
force  which  tc 


)  that  ofiection  of  matter  or  mode  of 
it  dialJnctly  and  bcaulifuUy  relates  other 
modes  of  force,  and  oxhlbita,  to  a  great  extent  in  a  qiianltla- 
tire  form,  itd  own  rehition  with  them,  and  their  reciprocal 
relations  with  it  and  with  each  other.  From  the  monaor 
io  which  the  peculiar  force  called  electricity  is  aeeraingly 
tranemitled  through  certain  bodies,  such  as  metallic  wirca, 
the  Uina  airrenl  is  commoDly  used  to  denote  its  apparent 
progress.  It  is  very  difficult  to  proaeat  to  the  mind  any 
theory  which  will  give  a  definite  conception  of  its  modut 
offfiuli:  the  early  theories  regard  its  phenomena  as  produced 
either  by  a  single  fluid  idio-repulsive,  but  attractive  of  ull 
matter,  or  else  as  produced  by  two  fluids,  each  idio-repulaive 
but  attractive  of  the  other.  No  subslanlive  theory  has  been 
proposed  other  than  these  two ;  but  allhongh  this  is  the  case, 
I  tltink  I  shall  not  bo  unsupported  by  many  who  have  alien* 
lively  studied  electrical  phenomena,  in  viewing  thorn  as  ro- 
Bultiog,  not  from  the  action  of  a  fluid  or  fluids,  but  as  a  mole- 
cular polarisation  of  ordinary  matter,  or  as  matter  acting  by 
attraction  and  repulsion  in  a  definite  direction.  Thus,  the 
traiismiasioQ  of  the  voltaic  current  in  liquids  is  viewed  by 
Grottlius  as  a  series  of  chemical  alTinitics  acting  in  a  definite 
direction  :  for  instance,  in  the  electrolysis  of  water,  i.  e.  its 
decoiapoeition  when  placed  between  the  poles  or  electrodes 
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of  a  Tolttuc  batleiy,  a  molecule  of  oxygen  is  eupposcd  to  be 
displaced  hj  the  exalted  attraction  of  the  neighbooiing  elec- 
trode ;  the  hydrogen  liberated  by  this  displacement  unites 
with  the  oxygen  of  the  contiguous  molecule  of  water ;  this  in 
turn  liberates  its  hydrogen,  and  so  on ;  the  current  being 
nothing  else  than  this  molecular  transmission  of  chemical 
affinity. 

There  is  strong  reason  for  believing  that,  with  some  ex- 
ceptions,  such  as  fused  metals,  liquids  do  not  conduct  elec- 
tricity without  midei^oing  decomposition ;  for  even  in  those 
extreme  cases  wbero  a  trifling  effect  of  condaction  is  appar- 
ently produced  without  the  usual  elimination  of  substances  at 
the  electrodes,  the  latter  when  detached  from  the  circuit 
show,  by  the  coauter-cmrent  which  they  are  capable  of  pro- 
ducing when  immersed  in  a  fresh  liquid,  that  their  superficial 
state  has  been  changed,  doubtless  by  the  determination  to 
the  snriacos  of  minute  layers  of  substances  having  opposite 
chemical  characters.  The  question  wheUicr  or  not  a  minulo 
conduction  in  liquids  can  take  place  unaccompanied  by  chemi- 
cal action,  has  however  been  much  agitated,  and  may  be  re- 
garded as  ittUr  apicet  of  the  science. 

Assuming  for  the  moment  electrolysis  to  bo  the  only 
known  electrical  phenomenon,  electricity  would  appear  to  con- 
nst  in  transmitted  chemical  action.  All  the  evidence  wo 
have  is,  that  a  certain  affection  of  matter  or  chemical  changu 
takes  place  at  certain  distant  points  of  space,  the  change  at 
one  point  having  a  definite  relation  to  the  change  at  the 
other,  and  being  capablo  of  manifestation  at  any  intermediafo 

If,  now,  the  electrical  eficct  called  induction  be  examined, 
the  phenomena  will  be  found  equally  opposed  to  the  theory  of 
a  fluid,  and  consistent  with  that  of  molecular  polarisation. 
When  an  electrified  conductor  is  brought  near  another  ■which 
is  not  electrified,  the  latter  becomes  electrified  by  influence  or 
u,  as  it  is  termed,  the  nearest  parts  of  each  of  these 
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two  bodies  eshlbiling  statea  of  electricity  of  tie  contrary 
deuomiiiations.  Until  this  sabject  was  inroatigated  by  Fara- 
day, tlie  intervening  non-condiieting  body  or  dielectric  was 
supposed  to  be  purely  negative,  and  the  effect  was  attributed 
to  the  repnlaiou  at  a  distance  of  the  electrical  fiuid.  Faro- 
day  showed  that  Ibese  effects  differed  greatly  according  lo  lb« 
dielectric  that  was  interposed.  Tbns  they  were  more  exalted 
wilb  sidphur  than  with  shellac  ;  more  witb  abellac  tban  with 
glass,  &c.  Mattcncci,  though  differing  from  Faraday  as  to 
the  explanation  he  gave,  added  somo  csperimculs  whicb  prove 
that  the  intervening  dielectric  is  molecnlarly  polarised.  Thus 
a  number  of  tbia  plates  of  mica  are  superposed  like  a  pack 
of  cards ;  metallic  plates  are  applied  to  the  outer  facings,  and 
one  of  them  electrilied,  so  that  tbe  apparatus  is  charged  like 
a  Leyden  phial.  Upon  separating  the  plates  witb  insulating 
handies,  each  plate  is  separately  electrified,  one  side  of  it 
buing  positive  and  tbe  olbor  negative,  showing  very  neatly 
and  decisively  a  polarisation  tbronghout  the  intervening  sul^ 
stances  by  the  effect  of  induction. 

Indeed,  chemical  action  or  electrolysis  may,  as  I  have 
shown,  be  transmitted  by  induction  aeroas  a  dielectric  sub- 
slaoce,  such  as  glass,  but  apparently  only  while  the  glass  is 
being  diargcd  with  electricity.  A  wire  passing  through  and 
hermetically  sealed  into  a  glass  tube,  a  short  portion  only  pro- 
jecting, is  made  to  dip  into  water  contained  in  a  Florence 
flnsic ;  the  flask  is  immersed  in  watei'  to  an  equal  depth  with 
that  within  it ;  the  wire  and  another  similar  wire  dipping 
into  the  outer  water  are  made  to  communicate  mclallically 
with  the  powerful  cloctrical  macbino  known  as  Rhumkort'a 
coil ;  bubbles  of  gas  instantly  ascend  from  t!ie  exposed  pot^ 
tions  of  the  wires,  but  cease  after  a  certain  time,  and  are 
renewed  when,  after  an  interval  of  separation,  the  coil  is 
Again  connected  with  the  wires. 

The  following  interesting  experiment  by  Mr.  Earstcn 
goes  a  step  farther  in  corroboration  of  tbo  molecolar  change) 
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coDflequent  npon  slectriBatUm :  A  coin  in  placed  on  a  pack  of 
thin  pl&tee  of  gloss,  aod  Uten  electrified.  On  removing  the 
ema  and  breatliing  on  the  glass  plate,  an  impreacdon  of  the 
coin  is  porcqttible ;  this  showB  a  certain  mokcolar  change  on 
the  snr&ce  of  the  ^asa  opposed  to  tiie  plate,  or  of  the  vaponrs 
condensed  on  nch  sni&ce.  This  effect  might,  and  has  been 
interpreted  as  ariraig  from  a  film  of  greasy  deposit,  sappoeed 
to  exist  on  the  plate ;  the  impressionB,  however,  have  been 
proved  to  penetrate  (o  certain  depths  below  the  snr&ce,  and 
not  to  be  removed  bj  polishing. 

The  following  experiment,  however,  goes  farther :  On 
separating  carefully  the  glass  plates,  images  of  the  coin  can 
be  developed  on  each  of  the  aortaccB,  showing  that  the  mole- 
cular change  has  been  transmitted  through  the  substance  of 
the  glass ;  and  we  may  thence  reasonably  suppose  that  a 
piece  of  glass,  or  other  dielectric  body,  if  it  could  be  split  up 
while  under  the  influence  of  electric  induction,  would  exhibit 
some  molecular  change  at  each  aide  of  each  lamina,  however 
minutely  subdivided.  I  have  succeeded  in  farther  extending 
this  experiment,  and  in  permanently  fixing  the  images  thus 
produced  hy  electricity.  Between  two  carefuUy-clcanod  glass 
plates  is  placed  a  word  or  device  cut  out  of  paper  or  tinfoil ; 
sheets  of  tinfoil  a  little  smaller  than  the  ^aaa  plates  are 
placed  on  the  outside  of  each  plate,  and  these  coatings  are 
brought  into  contact  with  the  terminals  of  Rhumkorf  s  coil. 
After  electrisation  for  a  few  seconds,  the  glasses  are  sepa- 
rated, and  their  interior  sorfaces  exposed  to  the  vapour  of 
hydrofluoric  acid,  which  acts  chemically  on  glass ;  Uie  por 
tions  of  the  glass  not  protected  by  the  paper  device  are  cor- 
roded, while  those  so  protected  are  untouched  or  less 
aflcctcd  by  the  acid,  so  that  a  permanent  etching  is  thus 
produced,  which  nothing  but  disintegration  of  the  glass  will 

Some  further  experimenta  of  mine  on  this  subject  bring 
But  in  a  still  more  striking  manner  these  cnrions  molecular 
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changes.  One  of  llio  platea  of  glass  havii^  been  olectrified 
in  tba  manner  ju£t  nicnlioned,  it*  coated,  on  tbo  side  impressed 
willi  (ho  invisible  olcetrical  imago,  'with  &  film  of  iodised 
collodion  in  the  manner  usually  adopted  for  photographic 
purposes ;  it  la  tlien  iu  a.  dark  room  ImmerBed  in  a  solution 
of  nitrato  of  silver ;  Ihun  exposed  to  diiTuso  light  for  a  few 
secoudEi.  On  pouring  over  the  collodion  the  usual  solution 
of  pyrogallic  acid,  the  invisible  electrical  imago  is  brought 
out  as  a  dork  device  oq  a  light  ground,  and  can  bo  permanently 
iixcd  by  hyposulphite  of  soda.  The  point  worthy  of  obser- 
vation in  tlii*  experiment  is,  that  this  permanent  image  exists 
in  the  collodion  film,  which  can  be  stripped  off  the  glass,  dried, 
and  placed  on  any  other  surface,  so  that  the  molecular  change 
conBe4]uent  on  cloelrisatiou  has  communicaled,  by  contact  or 
close  proximity,  a  change  to  the  film  of  collodion  corres- 
ponding in  form  with  that  on  the  glass,  but  being  uudouhtodty 
of  &  chemical  nature.  Electricity  has,  moreover,  in  this  ex- 
periment BO  modified  the  surface  of  glass,  that  it  can,  in  its 
turn,  modify  the  structure  of  aoothor  subslancQ  so  as  to  ollor 
the  relation  of  the  latter  to  light.  It  would  require  a  curions 
coiuplicalion  of  hypothetic  fluids  to  explain  this  ;  but  il'  elec- 
tricity and  light  bo  supposed  to  be  affections  of  ordinary  pon- 
derable matter,  the  diOicully  is  only  one  of  detail. 

If,  again,  we  examino  the  elocli'icity  of  the  atmosphere, 
whun,  as  is  usually  the  case,  it  is  positive  with  respect  to  that 
of  the  earth,  wo  find  that  each  successive  stratum  is  positive 
to  those  below  it  and  negative  to  those  above  it ;  and  the  con- 
verse is  the  case  when  the  electricity  of  the  atmosphere  is 
uegativo  witli  respect  to  that  of  the  earth. 

If  aoolher  electrical  phenomenon  bo  selected,  another  sort 
of  change  will  be  found  to  have  taken  place.  The  electric 
spark,  tlie  brush,  and  similar  phenomena,  the  old  theories 
regarded  as  actual  emanations  of  the  matter  or  fluid,  Elec- 
tricity ;  I  venture  to  regard  them  us  produced  by  an  emission 
of  the  material  itself  &om  whence  they  issue,  and  a  molecular 
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action  of  the  gaa,  or  mtennedimn,  throngli  or  across  which 
they  are  transmitted. 

The  colour  of  the  electric  spark,  or  of  the  Yoltiuc  arc  (i. 
e.  the  flame  which  plays  between  the  t^Tninal  points  of  a 
powerM  voltaic  battery),  is  dependent  npon  the  sobstance  of 
the  metal,  snbject  to  certain  modifications  of  the  intermedium: 
thos,  the  elecbic  spark  or  arc  from  sine  is  bine ;  from  sUver, 
green ;  from  iron,  red  and  ednliUating ;  precisely  the  colours 
afforded  by  these  metals  in  their  ordinary  combustion.  A 
portion  of  the  metal  is  also  fonnd  to  be  actually  transmitted 
with  every  electric  or  voltaic  discharge :  in  the  latter  case, 
indeed,  where  the  quantity  of  matter  acted  npon  is  greater 
than  in  the  former,  the  metallic  particles  emitted  by  the  elec- 
trodes  or  terminals  can  be  readily  collected,  tested,  or  even 
weighed.  It  would  thus  appear  that  the  electrical  dischargo 
arises,  at  least  in  part,  from  an  actnal  repulsion  and  sever- 
ance of  the  electrified  matter  itself,  which  flies  ofiT  at  the  points 
of  least  resistance. 

A  careful  examination  of  the  phenomena  attending  tlic 
electric  spark  or  the  voltaic  arc,  which  latter  is  the  electric 
disruptive  discharge  acting  on  greater  portions  of  matter, 
tends  to  modify  considerably  our  previous  idea  of  the  nature 
of  the  electric  force  as  aprodncor  of  ignition  and  combastion. 
The  voltaic  arc  is  perhaps,  strictly  speaking,  neither  ignition 
nor  combustion.  It  b  not  simply  ignition ;  because  the  mat* 
ter  of  the  terminals  is  not  merely  brought  to  a  state  of  incan- 
descence, but  is  physically  separated  and  partially  transferred 
from  one  electrode  to  another,  much  of  it  being  dissipated  iu 
a  vaporous  state.  It  is  not  combustion ;  for  the  phenomena 
will  take  place  independently  of  atmospheric  air,  oxygen  gae, 
or  any  of  the  bodies  usually  called  supporters  of  combustion, 
combustion  being  in  fact  chemieal  nnion  attended  with  heat 
and  light.  In  the  voltaic  arc  we  may  have  no  chemical  union  ; 
for  if  the  experiment  be  performed  in  an  ozhansted  receiver,  or 
In  nitrogen,  the  substance  forming  the  electrodes  is  condensed, 


and  precipila(ed  npon  tho  iDtcrior  of  the  vcsael  in,  uhcmicall} 
epcaklng,  an  unaltered  state.  Thos,  to  take  a  very  Btrikiog 
example,  if  tLo  voltaic  diafhargo  be  token  between  : 
micals  in  on  exhausted  receiver,  a  fine  black  povrdcr  of  zinc 
ia  deposited  on  tliu  sides  of  the  receiver ;  this  can  be  collect- 
ed, and  takes  fire  readily  in  the  air  by  being  Lonchcd  vlth  a 
match,  or  ignited  n'ire,  instantly  burning  into  white  oxide  at 
cine.  To  an  ordinary  observer,  the  zinc  would  appear  to  ba 
burned  twice — first  in  tho  receiver,  where  the  phenomenon 
presents  all  tho  appearance  of  combustion,  and  secondly  in 
tho  real  combustion  in  air.  With  iron  the  experiment  ia 
equally  instruclivo.  Iron  ia  volatilised  by  the  voltaic  arc  in 
Dilrogcn  or  in  an  cxhuuslod  receiver ;  and  when  a  scarcely 
perceptible  iilm  has  lined  the  receiver,  this  ia  washed  with  an 
acid,  whichthcngiTeSjWitliferrocyamde  of  potassium,  the  pros-  , 
aian-blue  precipitate.  Id  tliis  case  we  read'ily  distil  iron,  a 
motal  by  ordinary  means /twiJfe  only  at  a  \ery  high  tompera- 
tnre. 

Another  strong  evidence  that  the  voltaic  discharge  con- 
sists of  tho  material  itaclT  of  which  tho  terminals  are  compos- 
ed, is  tho  peculiar  rotation  whidi  is  observed  in  the  light 
whon  iron  is  employed,  the  magnetic  character  of  thia  metal 
causing  its  molecules  to  rotate  by  tho  inflnenco  of  the  voltaic 
current. 

If  wo  increase  the  number  of  reduplications  in  a  voltaic 
Bories,  we  increase  the  length  of  the  arc,  and  olso  increasa  ita 
intensity  or  power  of  overcoming  rewstanco.  With  a  bat[«ry 
consisting  of  a  limited  number,  say  100  reduplications,  tho 
dischargo  will  not  pass  from  one  terminal  to  the  other  with- 
out first  bringing  them  into  contact,  but  if  we  increase  the 
number  of  cells  to  400  or  500,  the  discharge  will  pass  from 
ono  terminal  to  the  other  before  they  arc  brought  into  contact. 
Tho  difference  between  what  ia  called  Frnnklinic  electricity,  or 
that  produced  by  an  ordinary  electrical  machine,  and  voltaic  olec- 
tricity,orthat produced  by  the  ordinary  voltaic  battery,is  that 
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thefbnner  iaof  much  greater  intensity  than  the  latter,  or  has  a 
greater  power  of  oTercoming  resistance,  but  acts  upon  a  much 
amallOT  qnanti^  of  matter.  If,  then,  a  voltaic  batteiy  be 
formed  with  a  view  to  increase  the  intensity  and  lessen  the 
qaantity,  the  character  of  the  electrical  phenomena  approxi- 
tnat«  those  of  the  electrical  machine.  In  order  to  effect  this, 
the  sizes  of  the  platea  of  the  battery  and  thence  the  qnanti^ 
of  matter  acted  on  in  each  cell,  must  be  reduced,  but  the 
number  of  rednplications  increased.  Thusif  inabatteryof  100 
pairs  of  plates  each  plate  be  divided,  and  the  battery  be  arranged 
so  as  to  form  200  pairs,  each  being  half  the  original  size,  the 
qoantitative  effects  are  diminifihed,  and  the  effects  of  intensi- 
ty increased.  By  carrying  on  this  sub-diviBion,  diminishing 
the  sizes  and  increasing  the  number,  as  is  the  case  in  the  vol- 
taic piles  of  Dduc  and  Zamboni,  effects  are  ultimately  pro- 
duced similar  to  those  of  Franklinic  electricity,  and  we  thns 
gradually  pass  from  the  voltaic  arc  to  the  spark  or  electric 
discharge. 

This  discharge,  as  I  have  already  stated,  has  a  colour  de- 
pending in  part  upon  the  nature  of  the  terminals  employed. 
If  these  terminals  be  highly  polished,  a  spot  will  be  observed, 
oven  in  the  case  of  a  small  electric  spark,  at  the  points  from 
which  the  discha^e  emanates.  The  matter  of  the  terminals 
is  itself  affected ;  and  a  transmission  of  this  matter  across 
the  intervening  space  is  detected  by  the  deposition  of  minute 
qnantities  of  the  metal  or  substance  composing  the  one,  upon  the 
other  terminal. 

If  the  gas  or  elastic  medium  between  tbo  terminals  bo 
changed,  a  change  takes  place  in  the  length  or  colour  of  the 
discharge,  showing  an  affection  of  the  intervening  matter. 
If  the  gas  be  rarefied,  the  discharge  gradually  changes  with 
the  degree  of  rarefaction,  from  a  spark  to  a  luminous  glow  or 
diffuse  light,  differing  in  colour  in  different  gases,  and  capable 
of  extending  to  a  mnch  greater  distance  than  when  it  takes 
place  in  air  of  the  ordinary  Aeaaty,     Thus,  in  bi^ily  attenu- 
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Kted  BJr  a  diachtirge  may  bo  made  to  pass  bctusb  six  or  seven 
feet  of  space,  while  in  air  of  the  ordinary  density  it  would 
not  pass  Rcroaa  an  inch.  An  obs^rvor  regarding  tbo  beauti' 
fal  phenomena  exhibited  by  this  electric  discharge  in  attenua- 
ted gas,  which,  from  some  degree  of  similarity  in  appear- 
ance to  the  Anrora  Borealis,  has  been  colled  the  electric  An- 
rora,  would  have  some  diflicnlty  in  believing  such  effects 
could  bo  due  to  an  action  of  ordinary  matter.  The  amount 
of  gas  present  is  extremely  small ;  and  the  terminals,  to  a 
cursory  examination,  show  no  change  aftor  long  experiment- 
ing. It  is  therefore  not  to  be  wondered  at  that  the  first  ob- 
Bervers  of  this  and  similar  phenomena,  regarded  olccirlcity 
Bfl  in  itself  something — as  a  specific  existence  or  fluid.  Even 
in  this  extrcmecase,howcver,uponamore  careful  examination 
we  shall  find  that  a  change  docs  take  place,  both  as  regards  the  gas 
andas regards thotenmnols.  Letoncof  thoseconBiatofabigU- 
Iy-poIisbed  metal — a  silver  plate  is  one  of  thobeatmatortBlafor 
the  purpose — and  let  the  discharges  in  nttennated  almoaphcric 
airtake  place  Iroma  point,  saya  common  sewing  needle, totho 
surface  of  the  polished  silver  plate ;  it  will  bo  fouud  that  this 
is  gradually  changed  in  appearance  opposite  the  point< — it  Is  ox- 
idated, and  grodnally  more  and  more  corroded  as  the  discharge 
is  continned. 

K  now  the  gas  be  changed,  and  highly-rarefied  liydrogcu 
be  substituted  for  the  rarefied  air,  all  other  things  remaining 
tlio  some,  upon  passing  llm  discharges  aa  before  the  oxide 
will  be  cleared  olT  the  plate,  and  the  polish  to  a  great  extent 
rcslore<l — not  entirely,  because  the  silver  liaa  huen  disluto- 
grated  by  the  oxidation — and  the  portion  which  baa  been  af- 
fected by  the  discbarge  will  present  a  somewhat  different  ap- 
pearance from  the  remainder  of  the  plate. 

A  question  will  probab!/  hero  oeenr  to  ihe  reader : — What 
will  be  the  effect  if  there  be  not  au  oxidating  medium  pres- 
ent, and  the  experiment  be  first  performed  in  a  rarefied  gas, 
which  possesses  no  power  of  chemically  acting  on  the  plate? 
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Ja  this  case  tbere  will  stiQ  be  a  molecular  change  or  disiiite- 
gration  of  the  plate ;  the  portion  of  it  acted  on  by  the  dia- 
cha^  will  present  a  difierent  ^pearance  from  that  which  ia 
beyond  its  reach,  and  a  whitish  film,  somewhat  simiiar  to 
tliat  seen  on  the  mercurialised  portioiis  of  a  dagnerrcotjpc, 
will  gradnally  appear  on  the  portion  of  the  plate  afibctcd  bj 
the  discharge.  If  the  gas  be  a  compound,  as  carbonic  oxide, 
or  amizture,  as  o^gen  and  hydrogen,  and  conseqnentlj  contain 
elements  capable  of  producing  oxidation  and  reduction,  then 
the  effect  upon  the  plate  will  depend  upon  whether  it  be  pos- 
itiTO  or  negative  ;  in  the  former  case  it  will  be  oxidated,  in 
the  latter  the  oxide,  if  existing,  will  be  reduced.  This  effect 
win  also  take  place  in  atmospheric  air,  if  it  be  highly  rare- 
fied, and  can  hardly  be  explained  otherwise  than  by  a  mole- 
cular polarisation  of  the  compound  gas.  If,  again,  the  metal 
be  reduced  to  a  small  point,  and  be  of  such  material  that  the 
gaa  catmot  act  chemically  npon  it,  it  can  yet  be  shown  to  bo 
disintegrated  by  the  electric  spark.  Thns,  let  a  fine  plali- 
nnm  wire  be  bormetically  sealed  in  a  glass  tube,  and  the  ex- 
trcmityof  the  tube  and  the  wire  ground  to  aflat  surface,  soas  to 
expose  a  section  onlyof  the  wire ;  after  taking  the  discharge 
from  this  for  some  time,  it  will  be  found  that  the  platinum 
wire  is  worn  away,  and  that  its  termination  is  sensibly  below 
the  level  of  the  glass.  If  the  dischai^ges  from  each  a  plati- 
num wire  be  taken  in  gas  contained  in  a  naiTOw  tube,  a  cloud 
or  film  consisting  of  a  deposit  of  platinum  will  be  seen  on 
the  part  of  the  tube  snironnding  the  point. 

Another  cnrions  effect  which,  in  addition  to  the  above,  I 
have  detected  in  the  electrical  discharge  in  attenuated  media, 
is  that  when  passing  between  terminals  of  a  certain  form,  as 
from  a  wire  placed  at  right  an^es  to  a  polished  plate,  the  dis- 
charge possesses  certain  phases  or  fits  of  an  alternate  characler, 
so  that,  instead  of  impressing  an  uniform  mark  on  a  polished 
plate,  a  series  of  concentric  rings  is  formed. 

Priestley  observed  that,  afrer  the  discharge  of  a  Leydcn 


,  lings  ccnsiatiag  of  fused  globules  of  metal  were 
formed  on  the  t«rmmal  plalos  ;  in  mj  esperuneota  made  la 
aiienuatcd  madia,  altomate  rings  of  oxidation  add  deoxida- 
tion  are  formed.  Thus,  if  the  pliite  be  polished,  coloured 
rings  of  oxide  will  allcmiilc  with  rings  of  polished  or  unoxi- 
daled  9ttrfu.ce  ;  and  if  the  plate  be  previously  coated  with  an 
nuilbrm  film  of  oxide,  the  oxide  will  be  removed  in  eoncen- 
Iric  spaces,  and  iocreosed  in  the  alternate  ones,  showing  a 
Iiitcral  alternation  of  positive  and  negative  electricity,  or 
electricity  of  opposite  cbarQcler  in  tbe  same  discborgc. 

I  It  would  be  ba^ty  to  assert  that  in  no  case  can  tbcelcctri- 
ObI  disruptive  discharge  take  place  without  the  terminals  be- 
ing afiectod.  I  have,  however,  seen  no  instance  of  sucb  a  re- 
sult where  the  discharge  bas  been  sufficicnlly  prolonged,  and 
the  terminals  in  such  a  state  as  could  be  expected  to  render 
manifest  slight  changes. 

The  next  question  which  would  occur  in  following  onttbo 
enquiry  which  has  been  indicated,  would  probably  bo,  "Wliat 
is  the  action  upon  the  gas  itself?  is  this  changed  in  any  man- 
In  answer  to  this,  it  must  be  admitted  that,  in  the  present 
slate  of  experimental  knowledge  on  tbb  subject,  certain 
gases  only  appear  to  leave  permanent  traces  of  their  having 
been  changed  by  the  discharge,  while  others,  if  affected  by 
it,  which,  as  will  be  presently  seen,  there  are  reasons  to  be- 
lieve tbey  are,  return  to  their  nornukl  stale  immediately  after 
the  dischargo. 

In  the  former  class  we  may  place  many  compound  gases, 
as  ammonia,  olefiant  gas,  protoxide  of  nitrogen,  dculoxide 
of  nitrogen,  and  others,  which  are  decomposed  by  the  action 
of  the  disclinrge.  Mixed  gases  are  also  chemically  combined  : 
for  instance,  oxygen  and  hydrogen  unite  and  form  water; 
common  air  pvcs  nitric  acid ;  chlorine  and  aqueous  vapour 
give  oxygen,  llio  chlorine  uniting  with  the  hydrogen  of  the 
■  «B(er. 
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But,  farther  tiian  this,  in  the  case  of  certfun  elementary 
gases  a  pemumeiit  change  is  efiected  bj  the  electrical  dis- 
charge. Thus,  oxygon  eabmitted  to  the  discharge  is  par- 
tially changed  into  the  substance  now  considered  to  be  an  al< 
lolropic  condition  of  oxygen ;  and  there  is  reason  to  believe 
that  when  the  change  takes  place,  there  la  a  definite  polar 
condition  of  the  gas,  and  that  definite  portions  of  it  are  afiected 
—that  in  a  certain  sense  one  portion  of  the  oxygen  bears 
temporarily  to  the  other  the  relation  which  hydrogen  ordina- 
rily does  to  oxygea. 

If  the  discharge  be  passed  throngh  the  rapoor  of  phos- 
phorus in  the  Tacuiim  of  a  good  air^nmp,  a  deposit  of  allotro- 
pic  phosphorus  soon  coats  the  interior  of  the  receiver,  show- 
ing an  analogous  change  to  that  produced  in  o^gen ;  and  in 
this  case  a  series  of  transverse  bands  or  stratifications  appears 
in  the  discharge,  showing  a  most  striking  alteration  in  its 
physical  charaj^ter,  dependent  on  the  medium  across  which  it  is 
transmitted.  These  efiects  were  first  observed  by  me  in 
the  year  1852.  They  have  since  been  much  -examined  by 
continental  philosophers,  and  much  extended  by  Mr.  Gassiot ; 
but  no  satisfactory  rationale  of  them  has  yet  been  given. 

There  are  many  gases  which  either  do  not  show  any  per- 
manent change,  or  (which  Is  more  probably  the  case)  the 
changes  produced  in  them  by  the  electrical  discharge  have 
not  yet  been  detected.  Even  with  these  gases,  however,  the 
difierence  of  colour,  of  length,  or  of  the  different  position  of 
a  certain  dark  space  or  spaces  which  appear  in  the  discharge, 
show  that  the  discbarge  differs  for  different  media.  "We  nev- 
er find  that  the  discharge  has  itself  added  to  or  subtracted 
from  the  total  weight  of  the  substances  acted  on  :  wo  find  no 
evidence  of  a  fluid  but  the  visible  phenomena  themselves  j 
and  those  we  may  account  for  by  the  change  which  takes 
place  in  the  matter  affected. 

I  have  here,  as  elsewhere,  used  words  of  common  accep- 
tation, such  as  '  matter  affected  by  the  discharge,'  &c.,  though 
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la  tiie  view  I  am  sufrgesting,  the  discliarge  is  itself  Uub 

■flection  of  matter :  and  the  writing  these  passageB  affords, 

me  at  least,  a  Blrtking  iostaace  of  how  much  idena  arc 

I   bound  up  la  words,  when,  to  express  a  view  difiering  from 

I   the  rccciTcd  one,  words  iuvolving  the  rcceifcd  one  arc  ncces- 

vily  oBod. 

Padsing  now  to  the  effect  of  the  transmission  of  elcctri- 
I  taly  bj  the  class  of  the  best  conducting  bodies,  such  as  tbe 
metals  and  carbon,  here,  thongh  we  cannot  at  present  giTo  Ibti 
]  exact  character  of  the  motion  impressed  upon  the  particles, 
I  there  are  yet  many  experiments  which  show  that  &  change 
takes  place  in  such  substances  when  they  are  affected  by  elec- 
tricity. 

Let  discharges  from  a  Leyden  jar  or  battery  \m  passed 
I  ttirongfa  a  platinum  wire,  loo  thick  to  be  fiised  by  the  dia- 
I  fiharges,  and  froe  from  constraint,  it  will  be  found  that  the 
I  wire  is  shorlcncd  ;  it  has  undergone  a  molecular  change,  and 
I  apparently  been  acted  on  by  a  force  tranverae  to  its  length. 
If  the  discbarges  bo  continued,  it  gradually  gathers  np  in 
small  irrcgidar  bends  or  convolutions.     So  with  Toltoia  elec- 
tricity :  place  a  platinum  w-ire  in  a.  trough  of  porcelain,  so 
that  when  fused  it  shall  retain  its  position  as  a  wire,  and  then 
igtiite  it  by  a  voltaic  battery.     As  it  reaches  tbe  point  of  fu- 
sion it  will  snap  asunder,  showing  a  contraction  in  length,  and 
consequently  a  distension  or  increase  in  its  transverse  dimoD- 
Hons.     Perform  tbe    SBmc   experiment   with   a  lead  wire, 
wbicU  can  be  more  readily  kept  in  a  stale  of  fusion,  and  fol- 
low it,  as  it  contracls,  by  the  terminal  wires  of  the  battery ; 
it  will  be  seen  to  gather  np  in  nodules,  which  press  on  each 
Otiier  liko  a  string  of  beads  of  a  Hotl  material  which  have 
been  longitudinally  compressed. 

As  we  increa?e  the  thickness  of  tbe  wires  In  these  exper- 
bnents  wilh  reference  to  lie  electrical  force  employed,  we  les- 
sen the  perceptible  effect  i  but  even  in  this  case  we  shall  be 
vnablcd  safely  to  infer  ihul  some  molecular  change  accompa- 
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Dies  the  transmission  of  electricity :  the  wires  are  heated  in  a 
degree  decreasing  as  their  thickness  increases — but  bj  in- 
creasing the  delicacy  of  onr  tests  as  the  heating  effects  de- 
crease in  intensity,  we  may  indefinitely  detect  the  augmenta- 
tion of  temperature  accompanying  the  passage  of  electri- 
city— and  wherever  there  is  augmentation  of  temperature 
there  must  be  expansion  or  change  of  position  of  the  mole- 
cules. 

Again,  it  has  been  observed  that  wires  which  have  for  a 
long  time  transmitted  electricity,  such  as  those  which  have 
served  as  conductors  for  atmospheric  electridty,  have  their 
texture  changed,  and  are  rendered  brittle*  In  this  observa- 
tion, however,  though  made  by  a  skQlM  electrician,  M.  Pel- 
tier, the  effects  of  exposure  to  the  atmosphere,  to  changes  of 
temperature,  &c.,  have  not  been  sufficiently  eliminated  to 
render  it  worthy  of  entire  confidence.  There  are,  however, 
other  experiments  which  show  that  the  elasticity  of  metals  is 
changed  by  the  passage  through  them  of  the  electric  current. 

Thus  M.  Wertheim  has,  firom  an  elaborate  series  of  ex- 
periments, arrived  at  the  conclusion  that  there  is  a  temporary 
diminution  in  the  coefficient  of  elasticity  in  wires  while  they 
are  transmitting  the  electric  current,  which  is  independent  of 
the  heating  effect  of  the  current. 

M.  Dufour  has  made  a  considerable  number  of  experi- 
ments with  the  view  of  ascertaining  if  any  permanent  change 
in  metals  is  effected  by  electrisation.  He  arrives  at  the  cu- 
rious result  that  in  a  copper  wire  through  which  a  feeble  vol- 
taic current  has  passed  for  several  days,  a  notable  diminution 
in  tenacity  takes  place ;  while,  in  an  iron  wire,  the  tenacity 
is  increased ;  and  that  these  effects  were  more  perceptible 
when  the  wires  had  been  electrised  for  a  long  time  (nineteen 
days)  than  for  a  short  time  (four  days).  The  copper  wire 
was,  in  his  experiment,  not  perfectly  pure ;  so  that  the  effect, 
or  a  portion  of  it,  might  be  due  to  the  state  of  alloy :  in  the 
case  of  iron,  the  map^etic  character  of  the  metal  would  prob- 
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ably  modify  the  effects,  odiI  migLt  account  for  the  opposita 
character  of  the  Tcsnlts  with  these  two  metals. 

Malteucci  has  mode  experiments  on  the  cODduction  of 
electricity  by  bismuth  in  directioaa  parallel  or  transverse  to 
the  planes  of  principal  clcnvage,  and  he  finds  that  bismuth 
conducts  eleclricily  and  heat  better  in  the  direction  of  the 
cleavage  planes  than  in  that  trnosverso  to  them. 

Many  other  cxpcrimcuts  have  been  mode  both  on  the  pro- 
duction of  thermo-electric  currents  by  two  portions  of  the 
same  crystallino  metal,  but  with  the  planes  of  crystallization 
arranged  in  different  directions  relatively  to  each  other,  and 
also  on  the  differences  in  conduction  of  heat  and  electricity 
according  to  the  direction  in  'which  they  are  transmitled  with 
reference  to  the  planes  of  eryslallization. 

It  is  found,  moreover,  that  the  slightest  difference  in  ho- 
mogeneity in  the  same  metal  enables  it  when  heated  to  pro- 
duce a  thermo-electric  current,  and  that  metals  in  a  state  of 
fusion,  in  which  state  they  may  be  presumed  to  be  homoge- 
neous throughout,  give  no  thermo-electric  current :  thus,  hot 
in  contact  with  cold  mercury  has  been  shown  by  Matlencd 
to  give  no  thermo-electric  current,  and  (he  same  is  the  com 
with  portions  of  fused  bismuth  unequally  heated. 

The  fact  that  the  molecular  structure  or  arrangement  of  a 
body  influences — indeed  I  may  say  determines — its  conducts 
ing  power,  is  by  no  means  explained  by  the  theory  of  a  fluid ; 
but  if  electricity  be  only  a  traosmission  of  force  or  motion, 
the  inffucnco  of  the  molecular  state  is  just  what  would  be 
expected.  Carbon,  in  a  transparent  crystalline  slate,  as  dia- 
mon<1,  is  as  perfect  a  non-conductor  as  we  know  ;  while  in  oa 
opnque  amorphous  stale,  as  grapliile  or  charcoal,  it  is  one  of 
the  best  conductors  :  thus,  in  the  one  state,  it  transmits  light 
and  stops  electricity,  in  tlio  other  it  transmits  electricity  and 
slops  light. 

It  is  a  circumstance  wortliy  of  remark,  that  the  arrange 
ment  of  molecules,  which  rendora  a  solid  body  capitMe  of 
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transmittmg  light,  is  most  un&Tonrable  to  its  transmission  ol 
electricity,  transparent  solids  being  very  imperfect  conductors 
of  electricity ;  so  all  gases  readily  transmit  li^t,  but  are 
amongst  the  worst  conductors  of  electricity,  if,  indeed,  prop- 
erly speaking,  they  can  be  said  to  conduct  at  all. 

The  conduction  of  electricity  by  different  classes  of  bodies 
has  been  generally  regarded  as  a  question  of  degree :  thus 
metals  were  viewed  as  perfect  conductors,  charcoal  less  so, 
water  and  other  liquids  as  imperfect  conductors,  &c.  But, 
in  fact,  though  between  one  metal  and  another  the  mode  of 
transmission  may  be  the  same  and  the  difference  one  of  de- 
gree, a  different  molecular  effect  obtains,  when  we  contrast 
metals  with  electrolytic  liquids  and  these  with  gases. 

Attenuated  gases  may  be,  in  one  sense,  regarded  as  non- 
conductors, in  another,  as  conductors ;  thus  if  gold-leaves  be 
made  to  diverge,  by  electrical  repulsion,  in  air  at  ordinary 
pressure,  they  in  a  short  time  collapse ;  while  in  highly-rare- 
fied air,  or  what  is  commonly  termed  a  vacuum,  they  remain 
divergent  for  days ;  and  yet  electricity  of  a  certain  degree  of 
tension  passes  readily  across  attenuated  air,  and  with  difB- 
culty  across  air  of  ordinary  density. 

Again,  where  the  electrical  terminals  are  brought  to  a 
state  of  visible  ignition,  there  are  symptoms  of  the  transmis- 
sion of  electricity  of  low  tension  across  gases ;  but  no  such 
effects  have  been  detected  at  lower  temperatures.  All  this 
presents  a  strong  argument  in  favour  of  the  transmission  of 
electricity  across  gases  being  effected  by  the  disruptive  dis- 
charge, and  not  by  a  conduction  similar  to  that  which  takes 
place  with  metals  or  with  electrolytes. 

The  ordinary  attractions  and  repulsions  of  electrified 
bodies  present  no  more  difficulty  when  regarded  as  being  pro- 
duced by  a  change  in  the  state  or  relations  of  the  matter  af- 
fected, than  do  the  attractions  of  the  earth  by  the  sun,  or  of 
a  leaden  ball  by  the  earth ;  the  hypothesis  of  a  fluid  is  not 
considered  necessary  for  the  latter,  and  need  not  be  so  for  the 
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our  claas  of  phenomena.  Uow  the  phenomeiia  are  pro- 
duced to  which  the  term  altractiou  is  applied  is  still  a  mys- 
tery, Newton,  speakiiig  of  it,  saya,  'What  I  call  attraction 
may  bo  performed  by  impulse,  or  by  some  other  means  un- 
known to  me.  I  use  that  word  here  to  signify  only  in  gen- 
eral ony  force  by  which  bodies  tend  towards  one  another, 
whatsoever  be  the  cause.'  If  we  suppose  a  fluid  to  net  in  at- 
tractions and  repulsions,  the  imponderable  fluid  must  drag  or 
push  the  matter  with  it:  thus  Tvhea  we  feel  a  stream  of 
sir  rushing  &om  an  electrified  metallic  point,  each  mtilecnle 
of  air  contignous  to  the  point  being  repelled,  another  takes 
its  place,  which  is  in  its  turn  repelled ; — how  does  a  hypo- 
thetic fluid  assist  tta  here?  If  we  say  the  electrical  fluid  re- 
pels itself,  or  the  same  electricity  repels  itself,  we  must  go 
ferlher  and  assert,  that  it  not  only  repcht  itself,  but  either 
Gommtiaicatcs  its  repulsive  force  to  the  particles  of  the  air,  or 
CorricB  with  it  the  particle  of  air  in  its  passage.  la  it  not 
more  easy  to  assume  that  the  particle  of  air  is  in  such  a  state 
that  the  ordinary  forces  which  keep  it  in  equilibrium  ore  dis- 
turbed by  the  electrical  force,  or  force  in  a  defitula  direction 
communicated  to  it,  and  that  thus  each  particle  in  turn  re- 
cedes from  the  point?  As  this  latter  force  is  increased,  not 
only  does  the  particle  of  air  which  was  contiguous  to  the  me- 
tallic point  recede,  but  the  cohesion  of  the  extreme  pnrticlos 
of  metal  may  bo  overcome  to  such  an  extent  that  these  are 
detached,  and  the  brush  or  spark  may  conaiat  wholly  or  in 
f&H  of  nuirnte  particles  of  the  metal  itself  thrown  oft'.  Of 
this  tlicre  is  some  evidence,  though  the  point  can  hardly  be 

aidered  as  proved.  A  similar  effect  undoubtedly  takes 
place  with  voltaic  electricity,  acting  upon  a  terminal  im- 
mersed in  a  liquid  ;  thus  if  metallic  terminab  of  a  powerful 
voltaic  battery  be  immersed  la  water,  metal,  or  the  oxide  of 
metal,  is  forcibly  detached,  producing  great  heat  at  Iho  point 
of  disruption. 

If  wo  apply  oursclwjs  to  the  eflect  of  electricity  in  Uie 
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iirf"Mi  economy,  we  find  that  the  fint  istionale  given  of  Iha 
eonnluTe  effect  prodoced  by  trmnamiaaon  throDg}i  the  Hving 
or  recentlj  killed  ftniimil  was,  that  electiicity  itself,  something 
subatontiTe,  paseed  rapidly  throng  the  body,  and  gave  rise 
to  the  contractiona ;  step  fay  step  we  are  now  arriving  at  the 
oonviction  that  conaecative  particles  of  the  netres  and  mns- 
dee  are  affected.  Thus  the  contractions  irhidi  the  prepared 
leg  of  a  frog  imdcrgoeB  at  the  moment  it  is  sobmitted  to  a 
Tolt^  current,  cease  aAer  a  time  if  the  current  be  oontia> 
ned,  and  are  renewed  on  breaking  the  circuit,  i.  e.  at  the  mo- 
meat  when  the  current  ceaaea  to  trareTse  it.  The  exdtabil- 
i^  of  a  nerre,  nioreoTO',  or  its  power  of  prododng  muscular 
contraction,  is  weakened  or  destroyed  by  the  transmistion  of 
electrici^  in  one  direction,  while  the  excitability  is  increased 
by  the  transmission  of  electridty  in  the  opposite  direction  ; 
showing  that  the  fibre  or  matter  itself  of  the  nerve  is  changed 
by  electrisation,  and  changed  in  a  manner  bearing  a  direct 
relation  to  the  other  effects  produced  by  electricity. 

Portions  of  muscle  and  of  nerve  prraent  different  electri- 
cal slates  with  reference  to  other  portions  of  the  same  mnscle 
or  nerve ;  thus  the  external  part  of  a  mnscle  bears  the  same 
relation  to  the  internal  part  as  platinum  does  to  sine  in  the 
voltaic  battery ;  and  delicate  galvanoscopes  will  show  electri- 
cal effects  when  interposed  in  a  condacting  circuit  connecting 
the  surface  of  a  nerve  with  its  interior  portions.  Mattcucci 
has  proved  that  a  species  of  voltaic  pile  may  be  formed  by  a 
series  of  slices  of  muscle,  so  arranged  that  the  external  part 
of  one  slice  may  touch  the  internal  part  of  the  next,  and 
90  on. 

Lastly,  the  magnetic  effects  produced  by  electricity  also 
show  a  change  iu  the  molecular  state  of  the  magnetic  suV 
stance  affected ;  as  wo  bIulU  soc  when  the  subject  of  magnet- 
ism 13  discussed. 

I  have  taken  in  sncceaaion  all  the  known  classes  of  elec- 
trical phenomena  j  and,  as  &c  as  I  am  aware,  there  is  not  an 


electrical  effect,  where,  if  a  close  inTeBtigation  be  ingtllnted, 
and  the  maicriols  chosen  in  a  stale  for  exhibiting  minute 
changes,  evidence  of  molecular  cbaage  will  not  bo  detected ; 
thus,  excepting  those  cnaee  whi-re  inCnitcsimally  email  quan- 
tities of  matter  are  acted  on,  aud  our  meaus  of  detection  I'liil, 
electrical  effects  are  known  to  us  only  as  changes  of  ordiuary 
niatler.  It  seems  to  me  as  easy  to  imagine  thoso  chimges  to 
be  effected  hj  a  force  acting  in  definite  directions,  as  by  a 
Suid  which  has  no  independent  or  sensible  existence,  and 
which,  it  must  be  assumed,  is  associated  with,  or  oscrts  h 
force  acting  upon  ordinary  matter,  or  matter  of  a  different 
order  from  the  supposed  fluid.  As  the  idea  of  the  hypothetic 
fluid  is  pursued,  it  gradoally  vanishes,  and  resolves  itself  into 
the  idea  of  force.  The  hyiiothesis  of  matter  without  weight 
presents  in  itself,  as  I  believe,  futnl  objections  to  the  theories 
of  electrical  Jluidi,  which  arc  entirely  removed  by  viewing 
electric!^  as  force,  and  not  as  matter. 

If  it  be  said  that  the  effects  wo  have  been  considering 
may  slill  be  produced  by  a  fluid,  and  that  this  fluid  acts  upon 
ordinary  matter  in  certain  coses,  polarising  the  matter  of- 
feclcd  or  arranging  ila  particles  in  a  definite  direction,  whilst 
in  others,  by  its  attractive  or  rcpuLjive  force,  it  carries  with 
it  portions  of  matter ;  yet,  if  the  fluid  in  itself  be  incapable 
of  recognition  by  any  test,  if  it  bo  only  evidenced  by  the  , 
changes  which  h  operates  in  ponderable  matter,  the  words 
fluid  and  force  become  identical  in  meaning;  wo  may  as  weU 
say  that  the  attraction  of  gravitation  or  weight  ia  occasioned 
by  a  fluid,  as  that  electrical  changes  ore  bo. 

When,  OS  is  constantly  done  in  common  parlance,  a  house 
is  Bald  to  be  ttraek,  windows  broken,  metals  fused  or  dissipa- 
ted by  the  electrical  _ffuii7,  are  not  the  expressions  used  snch 
OS,  if  not  sanctioned  by  habit,  would  scorn  absurd?  In  all 
the  cases  of  injury  done  by  lightning  there  is  no  fluid  per- 
ceptible ;  the  so-callod  sulphurous  odonr  is  either  ozone  d^ 
volopod  by  the  action  of  electricity  on  atmospheric  air,  or  the 
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bat  are  necessaiy  resulis  of  tho  sudden  Eubvereioo  of  mole- 
cular polarieation,  or  of  n  sudden  or  irregular  vibratory  move- 
ment of  tho  matter  itself.  We  see  Bimilar  effects  produced 
by  sonorous  vibrations,  wbich  might  be  eoUed  conduction 
and  non-conduction  of  eound.  One  body  transmila  sound  ea- 
sily, another  stops  or  deadens  it,  aa  it  ia  termed — i.  o,  dis- 
perses tho  vibrations,  instead  of  continuing  them  in  llie  saine 
direction  aa  the  primary  impulse  ;  and  solid  bodies  may,  aa 
has  been  above  observed,  bo  shivered  by  sudden  impulses  of 
sound  in  those  coses  where  all  the  parts  of  the  body  cannot 
uniformly  carry  on  the  undulatory  motion. 

The  progressive  stages  in  the  Iliatory  of  Phyaical  Philoso- 
phy ■will  account  in  a  great  measure  for  tho  adoption  by  the 
early  electricians  of  the  theories  of  fluids. 

The  ancients,  when  they  witnessed  a  natural  phcaomonon, 
removed  irom  ordinary  analogies,  and  nnesplained  by  any 
mechanical  action  known  to  them,  referred  it  to  a  soul,  a 
spiritual  or  preternatural  power :  thus  amber  and  tho  magnet 
were  supposed  by  Thales  to  have  n  soul ;  tho  fonctiona  of 
digestion,  assimilation,  &c.,  were  supposed  by  Faracelsus  to 
be  effected  by  a  spirit  (the  Archxus).  Air  and  gases  were 
also  at  first  deemed  spiritual,  but  subsequently  became  invest- 
ed with  a  more  material  character ;  and  the  word  gas,  irom 
fiit,  K  ghost  or  spirit,  afibrds  us  an  instance  of  the  gradual 
tnLnsmiasion  of  a  spiritual  into  a  physical  conception. 

The  establishment  by  Torrlcelli  of  the  ponderable  charac- 
ter of  air  and  gas,  showed  that  sabstanecs  which  had  boon 
deemed  spiritual  and  essentially  different  &om  ponderable 
matter  were  possessed  of  its  attributes.  A  less  superstitious 
mode  of  reasoning  ensued,  and  now  aGrifonu  fluids  were 
shown  to  be  analogous  in  many  of  their  actions  to  liquids  or 
known  fluids.  A  belief  in  the  existence  of  other  fluids,  differ^ 
ing  from  air  as  this  differed  from  water,  grew  up,  and  when 
a  new  phenomenon  presented  itself,  recourse  was  had  to  a 
hypothetic  fluid  for  explaining  tho  pbenomenou  and  connect* 
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ing  it  with  otbers ;  the  mind  onc«  powessed  of  the  idea  of  a 
fluid,  BOOH  invested  it  with  the  necessary  powers  and  proper- 
ties, and  grafted  upon  it  a  luxurious  vegetation  of  imsginaiy 
ofiahoots. 

la  what  I  am  here  throwing  out,  I  wish  to  guard  myself 
from  being  supposed  to  state  tliat  the  theory,  historically 
viewed,  followed  exactly  the  dates  of  the  discoveries  Trtiich 
were  effectual  in  changing  its  character;  sometunes  a  dis- 
covery precedes,  at  other  times  it  succeeds  to  a  change  in  the 
general  course  of  thought;  sometimes,  and  perhaps  most 
frequently,  it  does  both — i.  e.  the  discovery  is  the  result  of  a 
tendency  of  the  age  and  of  the  conlinnally  improved  methods 
of  observation,  and  when  made,  it  strengthens  and  extends  the 
views  which  have  led  to  it.  I  think  the  phases  of  thought 
which  physical  philosophers  have  gone  through,  will  be  found 
generally  such  as  I  have  indicated,  and  that  the  gradual  ac- 
cumulation of  discoveries  which  has  taken  place  during  the 
more  recent  periods,  by  showing  what  effects  can  be  produced 
by  dynamical  causes  alone,  is  rapidly  tending  to  a  general 
dynamical  theory  into  which  that  of  the  imponderable  fluids 
promises  ultimately  to  merge. 

Commencing  with  electricity  as  an  initiating  force,  we 
get  motion  directly  produced  by  it  ia  various  forms  ;  for  in- 
stance, in  the  attraction  and  repulsion  of  bodies,  evidenced  by 
mobile  electrometers,  such  as  that  of  Cuthbertson,  where 
large  masses  are  acted  on ;  the  rotation  of  the  fly-wheel, 
another  form  of  electrical  repulsion,  and  the  deflection  of 
the  galvanometer  needle,  are  also  modes  of  palpable,  visible 
motion. 

It  would  follow,  Irom  the  reasoning  in  this  essay,  that 

when  electricity  performs  any  mechanical  work  which  does 

not  return  to  the  machine,  electrical  power  is  lost.     It  wonid 

be  unsuitable  to  the  scope  of  this  work  to  give  the  mathemati- 

bours  of  M.  Clausins  and  others  here ;  but  the  follow- 

leriment,  which  I  dsTised  £>r  mnfcing  the  resnlt  evi* 
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dent  U)  on  audienco  at  the  Boyal  Institutios,  will  form  a 
useful  iUuatralion ; — A  Lejdeu  jar,  of  one  square  ioot  coaled 
aurfacc.  has  il3  interior  connected  with  a  Cuthbertson's  elec- 
trometer, between  which  and  the  outer  coating  of  the  jai 
are  a  pair  of  discharging  balls  fixed  at  a  certain  distance 
(about  half  an  inch  apart).  Between  the  Loyden  jar  oad 
the  prime  conductor  Is  inserted  a  email  unit  jar  of  nine  iitehca 
Burface,  the  knobs  of  which  are  0'2  inch  apart. 

The  balance  of  the  clcctromeler  is  now  tixcd  by  a  stiff 
wire  inserted  between  the  attracting  knobs,  and  the  Xiejdcn 
jar  charged  by  discharges  from  the  unit  jar.  After  a  certain 
number  of  these,  say  twenty,  the  discharge  of  the  large  jar 
takes  place  across  the  half-inch  interval.  This  may  he 
viewed  as  the  expression  of  electrical  power  received  from 
the  unit  jar.  The  experiment  ia  now  repeated,  the  wire 
between  the  balls  having  been  removed,  and  therefore  the 
'  tip,'  or  the  raising  of  the  weight,  is  performed  by  the  electri- 
cal repulsion  and  attraction  of  the  two  pairs  of  halls.  At 
twenty  discharges  of  the  unit  jar  tlio  balance  is  subverted, 
and  one  attracting  knob  drops  upon  the  other ;  hut  no  dit- 
eharge  lakes  place,  sliowing  that  some  electricity  has  been  losl 
or  converted  into  the  mechanical  power  which  raised  the 
balance. 

By  another  mode  of  expression,  the  electricity  may  bo 
supposed  to  he  ma^ed  or  analogous  to  latent  heat,  and  it 
would  be  restored  if  the  ball  were  brought  back  without  dis- 
charge by  extraneous  force.  If  the  discharge  or  otiior  elec- 
trical effects  were  the  Bamo  in  both  cases,  then,  since  tlie 
railing  of  the  ball  or  weight  ia  an  extra  mechanical  effort, 
nnd  since  the  weight  Is  capable  by  its  fall  of  producing  elec- 
tricity, heat,  or  other  force,  it  would  seem  that  force  could  he 
got  out  of  nothing,  or  perpetual  motion  obtained. 

The  above  experiment  b  suggestive  of  others  of  a  similar 
character,  which  may  be  iudcGnitcly  varied.  Thus  I  have 
fooitd  that  two  balls  rondo  to  diverge  by  cloclricity  do  not 
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give  to  an  electrometer  the  same  amount  of  electricity  as  they 
do  if,  whilst  similarly  electrified,  thej  are  kept  forcibly  to- 
gether. This  experiment  is  the  converse  of  the  former  one. 
There  is  an  advantage  in  electrical  experiments  of  this  class 
as  compared  with  those  on  heat,  viz.  that  thongh  there  is  no 
perfect  insulation  for  electricity,  yet  our  means  of  insnla^ 
tion  are  immeasurably  superior  to  any  attainable  for  heat. 

Electricily  directly  produces  heaty  as  shown  in  the  ignited 
wire,  the  electric  spark,  and  the  voltaic  arc :  in  the  latter 
the  most  intense  heat  with  which  we  are  acquainted — so  in* 
tense,  indeed,  that  it  cannot  be  measured,  as  every  sort  of 
matter  is  dissipated  by  it. 

In  the  phenomenon  of  electrical  ignition,  as  shown  by  a 
heated  conjunctive  wire,  the  relation  of  force  and  resistance, 
and  the  correlative  character  of  the  two  forces,  electricity  and 
heat,  are  strikingly  demonstrated.  Let  a  thin  wire  of  plati- 
num join  the  terminals  of  a  voltaic  battery  of  suitable  power, 
the  wire  will  be  ignited,  and  a  certcdn  amount  of  chemical 
action  will  take  place  in  the  cells  of  the  battery — a  definite 
quantity  of  zinc  being  dissolved  and  of  hydrogen  eliminated 
in  a  given  time.  If  now  the  platinum  wire  be  immersed  in 
water,  the  heat  will,  from  the  circulating  currents  of  the 
liquid,  be  more  rapidly  dissipated,  and  we  shall  instantly  find 
tliat  the  chemical  action  in  the  battery  will  be  increased,  more 
zinc  will  be  dissolved,  and  more  hydrogen  eliminated  for  the 
same  time ;  the  heat  being  conveyed  away  by  the  water, 
more  chemical  action  is  required  to  generate  it,  just  as  more 
fuel  is  required  in  proportion  as  .  evaporation  is  more 
rapid. 

Reverse  the  experiment,  and  instead  of  placing  the  wire 
in  water,  place  it  in  the  flame  of  a  spirit  lamp,  so  that  the 
force  of  heat  meets  with  greater  resistance  to  its  dissipation. 
We  now  find  that  the  chemical  action  is  less  than  in  the  first 
or  normal  experiment.  If  the  wire  be  placed  in  other  difier- 
ent  gaseous  or  liquid  media,  we  shall  find  that  the  chemical 
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action  of  die  battery  will  be  proportioned  to  the  facility  wiLb 
tvliich  the  heat  la  circtilateil  or  radiated  by  these  media,  esd 
we  thus  establish  an  alternating  reciprocity  of  action  between 
these  two  forces :  a  similar  reciprocity  luay  be  established 
between  electricity  and  motioD,  magaetism  aod  motion,  and 
so  of  other  forces.  If  it  cannot  be  realised  with  all,  it  is 
probably  becaose  we  have  not  yet  eliminated  interfering  ac- 
tiooa.  If  wo  carefully  think  over  the  matter,  we  shall,  unless 
I  am  much  mistaken,  arrive  at  the  conclusion  that  it  cannut 
bo  otherwise,  onleBs  it  bo  supposed  that  a  force  can  arise  from 
nothing— can  exist  witbonl  antecedent  force. 

In  the  pbenomonon  of  the  Toltaic  arc,  the  electric  spark, 
&o,f  to  which  I  have  already  adverted,  electricity  directly 
produces  luiIU  of  the  greatest  known  intensity.  It  directly 
produces  magnetism,  as  shown  by  Oersted,  who  first  distinctly 
proved  the  connection  between  electricity  and  magnetism. 
These  two  forces  act  upon  each  other,  not  in  straight  lines, 
OS  all  other  known  forces  do,  but  in  a  rectangular  direction ; 
tliat  is,  bodies  aficcted  by  dynamic  electricity,  or  the  condnite 
of  an  electric  current,  Icndlo  place  magnets  at  right  angles 
to  them ;  and,  conversely,  magnets  tend  to  place  bodies  con- 
ducting electricity  at  right  angles  to  them.  Thus  an  electric 
current  appcnrs  to  have  a  magnetic  action,  in  a  direction 
cutting  its  own  at  right  angles ;  or,  supposing  its  section  to 
be  a  circle,  tangential  to  it :  if,  then,  wo  reverse  the  position, 
und  make  the  electric  cmrcnt  form  a  aeries  of  tangents  to  an 
imaginary  cyliuder,  this  cylinder  should  be  a  magnet.  This 
is  eflected  in  practice  by  coiling  a  wire  as  a  helix  or  spiral, 
and  this,  when  conducting  an  electrical  current,  is  to  all  in- 
tents and  purposes  a  magnet  A  soft  iron  core  placed  within 
such  a  helix  has  the  property  of  concentrating  its  power,  and 
then  we  can,  by  connection  or  disconnect  ion  with  the  source 
of  electricity,  instantly  make  or  munakc  a  most  powerful 
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We  may  flgaro  to  the  mind  electrized  and  ma^netiaod 
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matter,  as  lines  of  wbich  the  extremities  repel  eadi  other  in 
a  definite  direction;  thus,  if  a  line  ▲  b  represent  a  wire 
affected  bj  electricity,  and  superposed  on  o  P  a  wire  affected 
by  magnetism,  the  extreme  points  ▲  and  b  will  be  repelled  to 
the  fartbest  distances  from  the  points  0  and  p,  and  the  line  ▲ 
B  be  at  right  angles  to  the  line  o  P ;  and  so,  if  the  lines  be 
sabdiyided  to  any  extent,  eadi  wiU  have  two  extzemitles  or 
poles  repulsive  of  those  of  the  other.  If  the  line  of  matter 
affected  by  electricity  be  a  liquid,  and  consequently  have 
entire  mobility  of  partidesj  a  oontinuous  movement  will  be 
produced  by  magnetism,  eadi  particle  successively  tending, 
as  it  were,  to  fly  off  at  a  tangent  from  the  magnet:  thus, 
place  a  flat  dish  containing  acidulated  water  on  the  poles  of  a 
poworftd  magnet,  immerse  the  terminals  of  a  voltaic  battery 
in  the  liquid  just  above  the  magnetic  poles,  so  that  the  lines 
of  electricity  and  of  magnetism  coincide ;  the  water  will  now 
assume  a  movement  at  right  angles  to  this  line,  flowing  con- 
tinously,  as  if  blown  by  an  equatorial  wind,  which  may  be 
made  east  or  west  with  reference  to  the  magnetic  poles  by 
altering  the  direction  of  the  electrical  current :  a  similar  effect 
may  be  produced  with  mercury.  These  cases  afford  an 
additional  argument  to  those  previously  mentioned  of  the 
particles  of  matter  being  affected  by  the  forces  of  electricity 
and  magnetism  in  a  way  irreconcilable  with  the  fluid  or 
ethereal  hypothesis. 

The  representation  of  transverse  direction  by  magnetism 
and  electricity  appears  to  have  led  Coleridge  to  parallel  it  by 
the  transverse  expansion  of  matter,  or  length  and  breadth, 
though  he  injured  the  parallel  by  adding  galvanism  as  depth : 
whether  a  tbird  force  exists  which  may  bear  this  relation  to 
electricity  and  magnetism  is  a  question  upon  which  we  have 
no  evidence. 

The  ratio  which  the  attractive  magnetic  force  produced 
boars  to  the  electric  current  producing  it  has  been  investigat- 
ed by  many  experimentalists  and  mathematicians.    The  data 
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6  namGToas  and  bo  Turiablo,  tliAt  it  is  difficult  to  arrive 
at  definite  results.  Tliua  the  relative  eize  of  tlie  coil  and  the 
iron,  the  temper  or  degree  of  burdnesa  of  the  latter,  its  shniie, 
or  the  proportions  of  length  to  diameter,  the  number  of  coile 
surroimdiug  it,  the  condncting  power  of  the  metal  of  which 
the  coils  ure  formed,  the  size  of  the  keeper  or  iron  in  which 
magnetism  is  induced,  the  degree  of  constancy  of  the  bat- 
tery, &c.,  complicate  the  experiments. 

The  most  tmslworthy  general  relation  which  has  been  as- 
certained is,  that  the  magnetic  attraction  is  as  (he  aqnaro  of 
the  electric  force ;  a  result  doe  to  the  researches  of  Lonz  and 
Jacobi,  and  also  of  Sir  TT.  S.  IlarriB. 

Lastly,  electricity  produces  ehemieal  offiniiy ;  and  by  itA 
agency  we  are  enabled  to  obtain  cftecta  of  analysis  or  synthe- 
BJa  with  which  ordinary  chcmiBlry  does  not  fiimish  U8.  Of 
these  eflccis  wc  have  examples  in  the  brilliant  discoveries,  by 
Davy,  of  the  alkaline  metals,  and  in  the  peculiar  crystalline 
compotinds  made  knovm  by  Crosae  and  Bec<iuerel. 


v.— LIGHT. 

IN  entcHng  on  the  subject  of  Light,  it  will  be  well  to  de« 
Bdibe  brieflj,  and  in  a  manner  as  far  as  maj  be  inde- 
pendent of  theory,  the  effects  to  which  the  term  polarisation 
has  been  applied. 

When  light  is  reflected  from  the  surface  of  water,  glass, 
or  manj  other  media,  it  undergoes  a  change  which  disables  it 
from  being  again  similarly  reflected  in  a  direction  at  right 
angles  to  that  at  which  it  has  been  origioallj  reflected. 
Light  so  aflected  is  said  to  be  polarised ;  it  will  always  be 
capable  of  being  reflected  in  planes  parallel  to  the  plane  in 
which  it  has  been  first  reflected,  but  incapable  of  being  re- 
flected in  planes  at  right  angles  to  that  plane.  At  planes 
having  a  direction  intermediate  between  the  original  plane  of 
reflection,  and  a  plane  at  right  angles  to  it,  the  light  will  be 
capable  of  being  partially  reflected,  and  more  or  less  so  ao- 
cording  as  the  direction  of  the  second  plane  of  reflection  is 
more  or  less  coincident  with  the  original  plane.  Light,  again, 
when  passed  through  a  crystal  of  Iceland  spar,  is  what  is 
termed  doubly  refracted,  i.  e.  split  into  two  divisions  or  beams, 
each  having  half  the  luminosity  of  the  original  incident  light ; 
each  of  thcHo  beams  is  polarised  in  planes  at  right  angles  to 
each  other ;  and  if  they  be  intercepted  by  the  mineral  tour- 
lUinc,  one  of  them  is  absorbed,  so  that  only  one  polarised 

m  emerges.    Similar  effects  may  be  produced  by  certain 
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\  -other  ToSoctlona  or  refradions.     A  ray  of  light  once  polaris 
I  certain  plane  continnes  bo  affected  throughout  its 
I  wholo  subsequent  course  ;  aud  at  any  indefinite  disljince  torn 
I  Sm  point  where  it  originally  underwent  the  change,  the  di- 
I  Tection  of  the  plane  will  he   the  same,  provided  the  media 
I  through  which  it  ia  transmitted  be  air,  water,  or  certain  other 
I  transparent  Eubstanees  wliieb  need  not  be  cnumorsled.      If, 
I  liowever,  the  polarised  ray,  instead  of  passing  through  water, 
I  be  made  to  pass  through  oil  of  turpentine,  the  definite  dircc- 
I  tion  In  which  it  is  polarised  will  be  found  to  be  changed  ;  and 
change   of   direction  will  he  greater  according  to  the 
ijength  of  the  colomn  of  inlerposod  liquid.    Instead  of  being 
uniform   plane,   it    will    haro    a  curvilinear   direction, 
r  to  that  which  a  strip  of  card  would  have  if  forced 
Ifllong  two  oppoailo  grooves  of  a  rifle-barrel.     Thia  curious 
Keffect  is  produced   in  diiferent  degrees  by  different  media. 
o  direction  also  varies  ;  the  rotation,  as  it  is  lermcd,  being 
molimcB  to  the  right  hand  and  sometimes  to  the  left,  accord- 
g  to  the  pocnliiu'  molecular  character  of  ttie  medium  through 
hiuh  Ihe  polarised  ray  is  transmitled. 
Light  is,  perhaps,  that  mode  of  force  the  reciprocal  rcla- 
>  of  which  with  the  others  have  beca  the  least  traced 
Until  the  discovcrica  of  Niepce,  Daguerro,  and  Talbot, 
Y  little  could  be  definitely  predicated  of  the  action  of  light 
n  producing  other  modes  of  force.      Certain  chemical  com- 
ing which  Bland  pre-eminent  the  salts  of  silver, 
lllmve  llio  property  of  suffering  decomposition  when  exposed 
D  light.     If,  for  instance,  recently  formed  chloride  of  silver 
p-ht  submitted  to  luminous  rays,  a  partial  decomposition  en- 
\ea ;  the  chlorine  is  separated  and  expelled  by  the  action  of 
^t,  aod  the  silver  ia  precipitated.      By  this  decomposition 
e  colour  of  tiie  substance  changes  from  white  to  blue.     If 
pw,  fttper  bo  impregnated  with  chloride  of  ailver,  which  can 
Is  dme  by  a  simple  chemical  process,  then  partially  covered 
0  eabstonce,  a  leaf  for  example,  and  exposed  to 
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A  strong  li^t,  the  chloride  will  be  decompoeed  in  all  thoM 
parte  of  Ihe  papor  idiere  the  light  ia  not  intercepted,  and  ire 
shall  hare,  by  the  action  of  light,  a  white  image  of  the  leaf 
on  a  pniple  groond.  If  similar  pf^er  be  placed  in  the  focos 
of  a  lens  in  a  cameraKilMcaTa,  the  objects  there  depicted  will 
decompoee  the  chloride,  just  in  the  proportion  in  which  the; 
are  Inminons ;  and  thus,  as  Ihe  most  Inminons  parts  of  the  im- 
age will  most  darken  the  diloride,  we  shall  have  a  picture  of 
the  objects  with  reversed  lights  and  shadows.  The  pictore 
thns  produced  would  not  be  permancat,  as  sabsequeat  expos- 
ure would  darken  the  light  portion  of  the  picture :  to  fix  it, 
the  paper  must  be  immersed  in  a  solution  which  has  tLe  pro- 
perty of  dissolving  chloride  of  silver,  but  not  metallic  silver. 
Iodide  of  potassium  will  effect  this ;  and  the  paper  being 
washed  and  dried  will  then  preserve  a  permanent  image  of 
the  depicted  objects.  This  was  the  first  and  simple  process 
of  Mr,  Talbot ;  but  it  ia  defective  as  to  the  purposes  aimed 
at,  in  many  points.  First,  it  is  not  sufficiently  sensitive,  re- 
quiring a  strong  light  and  a  long  time  to  produce  an  image ; 
secondly,  the  lights  and  shadows  are  reversed ;  and  thirdly, 
the  coarse  structure  of  the  finest  paper  does  not  admit  of  the 
delicate  traces  of  objects  being  distinctly  impressed.  These 
defects  have  been  to  a  great  extent  remedied  by  a  process 
subsequently  discovered  by  Mr.  Talbot,  and  which  bears  bis 
name,  and  which  has  led  to  the  collodion  process,  and  others 
unnecessary  to  bo  detailed  hero. 

The  photographs  of  M.  Daguerre,  with  which  all  are  now 
familiar,  are  produced  by  holding  a  plate  of  highly-polished 
silver  over  iodine.  A  thin  film  of  iodide  of  silver  is  thus 
formed  on  the  surface  of  the  metal ;  and  when  these  iodized 
plates  are  exposed  in  the  camera,  a  chemical  alteration  takes 
place.  The  portions  of  the  plate  on  ivhieh  the  light  has  im- 
piogcd  part  with  some  of  the  iodine,  or  are  other^viso  changed 
— for  the  theory  is  somewhat  doubtful — boos  to  be  capable 
of  ready  amalgamation.    When,  therefore,  the  plots  is  placed 
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over  the  v^mnr  of  lieated  mercury,  the  mercury  attaches  it- 
self to  the  portione  affected  by  light,  and  gives  tLcm  a  white 
frosted  appearance ;  the  intcrmcdiittc  tiotfl  are  loss  aSectcd, 
and  those  parts  where  no  light  haa  fallen,  by  retaining 
their  oriipnal  polish,  appear  dark ;  the  iodide  of  sUver  is 
then  washed  off  by  hypoaulpliite  of  soda,  which  ba^^the 
property  of  disaolriiig  it,  and  there  remains  a  picture 
in  which  the  lighu  and  shadows  are  as  in  nature,  and  the 
molccnlor  uniformity  of  the  metallic  surface  enables  the 
most  microscopic  details  to  be  depicted  with  perfect  accn- 
roiy.  By  using  chloride  of  iodine,  or  bromide  of  iodine, 
iDSlcad  of  iodine,  the  equilibrium  of  chemical  forces  is  ren- 
dered still  more  unstable,  so  that  images  may  be  token  in  ati 
indofinitety  short  period — a  period  practically  inslantancoua. 

It  would  be  foreign  to  the  object  of  this  essay  to  outer 
npon  the  many  beautiful  details  iulo  whieh  the  scieaco  of 
photography  has  branched  out,  and  the  many  Talaable  discov- 
eries and  practical  applications  to  which  it  has  led.  The 
short  statement  I  have  given  above  is  perhaps  superfluous,  as, 
though  they  wore  new  ond  surprising  at  the  period  when  these 
Lectm'es  were  delivered,  photographic  processes  have  now  bo- 
come  familiar,  not  only  to  the  cultivator  of  science,  but  to 
tlie  artist  and  amaleor ;  the  important  point  for  consideration 
here  is  that  light  will  chemically  or  moleculorly  affect  mat- 
ter. Not  only  will  the  particular  compounds  above  selected 
OS  instances  be  changed  by  the  action  of  light ;  but  a  vofit 
number  of  substances,  both  elementary  and  compound,  are 
notably  affected  by  this  agent,  even  those  apparcnily  the  most 
unalterable  in  character,  such  oa  metals:  so  numerous,  in- 
deed, are  the  substances  affected,  that  it  has  been  supposed, 
not  without  reason,  that  nuitter  of  every  doscriptiou  is  altered 
by  exposure  to  light. 

The  permanent  impression  stamped  on  the  molecules  of 
matter  by  light  can  be  mode  to  repent  itscli'  by  tlie  same 
agency,  but  always  with  decreasing  force.     Thua  a  phoi*- 
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gnfib  phccd  epporita  semeift  amtaiDia^  a  ■iniliiii  }dtfi 
win  be  reproduced,  bat  if  the  nae  of  the  imge  b«  eqasl  to 
the  pictnre,  the  eeond  pktim  will  be  fiuoier  than  tbe  fint, 
and  w  on.  Urns  >euB,  a  pbotognqib  taken  on  a  dnll  day 
cannot,  bj  being  placed  in  bright  gunahiae  be  made  to  npo- 
dace  a  Mcond  fdiolo^^tli  of  the  game  sice  and  bwr  diatiBc^ 
Ij  marked  than  itaelf;  I  ai  least  have  never  socceeded  m 
sodi  reprodBctioD,  and  I  am  not  aware  that  otben  bare :  the 
image  loses  in  intenai^  as  li^  itself  does  bj  eadt  transmit 
lion.  Tbe  snrface  of  tbe  metal  or  paper  maj  ^re  a  ki^ila 
image  from  its  being  exposed  to  a  more  intense  light,  hot  the 
photogr^hic  details  are  Umiled  to  tlw  intensi^  of  tbe  first 
impresuon,  or  rather  to  something  short  of  this.  Aqnestion 
of  theoretical  interest  arises  from  the  consideration  of  these 
reprodaced  photographs.  We  know  that  the  huninoeitj  of 
the  image  at  the  focns  of  a  telescope  is  limited  bj  the  area 
of  the  objccl-glass.  The  image  of  any  giyen  object  cannot 
be  intensified  hj  throwing  npon  it  extraneous  light ;  it  is  in- 
deed diminished  in  intensity,  and  when  for  certain  porposes 
astronomers  illaminate  tbe  fields  of  their  telescopes,  they  are 
obliged  to  be  contented  with  a  loss  of  intensity  in  the  telescopic 
image. 

Now,  let  ns  snppose  that  the  minntest  del^ls  in  the  image 
of  an  object  seen  in  a  given  telescope,  and  with  a  given  pow- 
er, are  noted ;  that  then  a  photographic  plate  is  placed  in  the 
focus  of  the  same  telescope  so  as  to  obtain  a  permanent  im- 
pression of  the  image  which  has  been  viewed  by  the  eye-glass. 
Could  Uio  observer,  by  throwing  a  beam  of  condensed  light 
upon  the  photograph,  enable  himself  to  bring  out  fresh  details  ? 
or  in  other  ivords,  could  ho  use  with  advantogo  a  hi^er  pow- 
er applied  to  tho  illuminated  photograph? 

It  is,  porhaps,  hardly  safe  to  answer  a  priori  this  question; 

hut  tho  oxporunont  of  rt^roducing  photographs  would  seem  to 

at  more  than  the  initial  light  cannot  be  got,  and  that  we 

^eot  to  increase  teleeoopic  power  b;  photography, 
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(hough  we  aiAy  render  observations  more  canTenlent ;  may 
by  its  means  fix  images  seen  on  roro  and  favourable  occasions, 
and  may  preserve  permanent  and  iuTallible  records  of  the 
pasl  elate  of  astronomical  objects. 

The  elTcct  of  light  on  chemical  compounds  afibrda  us  a 
BtrikiDg  instance  of  the  extent  t«  which  a  force,  ever  active, 
ma7  bo  ignored  through  aucccaaive  ages  of  philosophy.  K 
we  BoppoBo  the  walla  of  a  large  room  covered  with  photo- 
p-aphic  apparatus,  the  small  amount  of  light  refloctod  from 
the  face  of  a  person  situated  in  ita  centre  would  simulta- 
neonsly  imprint  hia  portrait  on  a  multlludo  of  recipient  bot- 
fiiccs.  Were  the  cameras  absent,  but  (lie  room  coated  with 
photographic  {lapcr,  a  chauge  would  equally  take  place  in 
every  portion  of  it,  though  not  a  roprodnction  of  form  and 
figure.  Aa  other  subBtances  not  commonly  called  photo- 
graphic are  known  to  be  affected  by  lighlfthe  list  of  which 
might  be  indefinitely  extended,  it  becomes  a  curious  object  of 
contemplation  to  consider  how  far  light  is  daily  operating 
changes  in  ponderable  matter — how  far  a  force,  for  a  long 
lime  recognised  only  in  ita  visual  ofiects,  may  be  conslanlly 
producing  cltanges  in  the  earth  and  atmosphere,  in  addition 
to  the  changes  it  prodnces  in  organised  structures  which  are 
now  beginning  to  be  CKlcnsivcly  studied.  Thus  every  portion 
of  light  may  bo  supposed  to  write  its  own  history  by  a  change 
more  or  less  permanent  in  ponderable  matter. 

The  late  Mr.  George  Stephenson  had  a  favourite  idea, 
which  would  now  bo  recognised  as  more  philosophical  than  it 
was  in  hia  day,  vj».  tliat  the  light,  which  wo  nightly  obltun 
from  coal  or  other  fuel,  was  a  reproduction  of  that  which  had 
at  one  time  been  absorbed  by  vegetable  structures  Irom  the 
sun.  Tlie  conviction  that  the  transient  gleam  leaves  its  per- 
manent impress  on  the  world's  history,  also  leads  the  mind 
to  pondi-r  over  the  numy  possibie  agencies  of  wliich  we  of  the 
pregeat  day  may  be  as  ignorant  as  the  ancients  were  of  the 
chemical  action  of  light. 
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I  hsLYe  used  the  term  li^^  and  aflbeted  Ijhfgbtjm  upeak* 
ing  of  pliot(^;raphic  eflbcts ;  but,  though  llie  phenomena  de- 
rived ^eir  name  from  lig^  it  has  been  dcmbted  by  manj 
competent  inyestigators  whether  the  phenomena  of  photcH 
graphj  are  not  mamlj  dependent  upon  a  separate  agent  ac- 
companying light,  rather  than  upon  light  iteelfl  ItiSyindeed, 
difficult  not  to  believe  that  a  picture,  taken  in  the  fi)CU8  of  a 
camerapobscnra,  and  which  represents  to  the  eye  all  the  gra- 
dations of  light  and  shade  shown  by  the  original  Inminoua 
image,  is  not  an  eflbct  of  light;  certain  it  is,  however,  that 
the  different  coloured  rays  exercise  diffisrent  actions  jxpoa  va- 
rious chemical  compounds,  and  that  the  effiscts  on  many,  per- 
haps on  most  of  them,  are  not  proportionate  in  intensity  to 
the  effects  upon  the  visual  organs.  Those  effects,  however, 
appear  to  be  more  of  degree  than  of  specific  difierence ;  and, 
without  pronounHng  myself  positively  upon  the  question, 
hitherto  so  little  examined,  I  think  it  will  be  safer  to  regard 
the  action  on  photographic  compounds  as  resulting  from  a 
fonctioQ  of  light.  So  viewing  it,  we  get  li^t  as  an  initia- 
ting force,  capable  of  producing,  mediately  or  immediately, 
the  other  modes  of  force.  Thus,  it  immediate^  produces 
chemical  action ;  and  having  this,  we  at  once  acquire  a  means 
of  producing  the  others.  At  my  Lectures  in  1843, 1  showed 
an  experiment  by  which  the  production  of  aU  the  other  modes 
of  force  by  light  is  exhibited :  I  may  here  shortiy  describe  it. 
A  prepared  daguerreotype  plate  is  enclosed  in  a  box  filled 
with  water,  having  a  glass  front  with  a  shutter  over  it.  Be- 
tween this  glass  and  the  plate  is  a  gridiron  of  silver  wire ; 
the  plate  is  connected  with  one  extremity  of  a  galvanometer 
coil,  and  the  gridiron  of  wire  with  one  extremity  of  a  Bre* 
guet's  helix — an  elegant  instrument,  formed  by  a  coil  of  two 
metals,  the  unequal  expansion  of  which  indicates  slight  . 
changes  in  temperature — the  other  extremities  ''Of  the  galva- 
nometer and  helix  are  connected  by  a  wire,  and  the  needles 
brought  to  aero.    As  soon  as  a  beam  of  either  daylig^  or 


iydrogen  li^t  is,  by  raising  tlie  alratter,  permitted  to 
impinge  upon  tLo  plalo,  tho  noedles  are  deflected.  Thus, 
light  being  tlie  initiating  force,  we  get  cJiemical  ai^ion  on  tlic 

>^le,  electricity  circulating  through  the  wires,  magnetium  in 
i^  coil,  heal  in  the  helix,  and  motion  in  the  needles. 
K  two  plflteB  of  platinnra  be  placed  in  acidulated  water, 
itad  connected  with  a  delicate  galvanometer,  Ihe  neeille  of 
lUs  is  always  dcQectod,  a  result  due  to  films  of  gas  or  other 
matter  on  the  snrtace  of  the  platinnm,  which  no  cleaning  can 
remove.  If,  afler  the  needle  has  returned  to  zero,  which  will 
not  be  the  case  for  some  hoars  or  even  days,  one  of  the  plat* 
inum  suriaccB  be  exposed  to  light,  a  fresh  deflection  of  the 
needle  takes  place,  due,  as  far  as  I  have  been  able  to  rcsolvo 
u  aogmentatioD  of  the  chemical  action  which  had  occa- 
med  the  original  deflection,  for  tlie  deviBtioa  is  in  the  some 
If,  inslood  of  while  light,  coloured  light  be  per- 
jnitled  to  impinge  on  the  plate,  the  deviation  is  greater  with 
loo  than  with  red  or  yellow  lighl,  showing,  in  addition  to 
'  tests,  that  the  eifeet  is  nut  duo  1o  the  heat  of  the  sun's 
|»7S,  as  the  caloriSc  efTecfa  of  light  are  greater  with  red  Ihaa 
~  h  bloo  light,  while  the  chemical  effects  are  the  inverse. 

There  are  other  apparently  more  direct  agencies  of  light 
I  producing  electricity  and  magnetism,  such  as  those  ob- 
rvod  by  Moricliini  and  others,  as  well  as  its  effects  upon 
l^slallizalion ;  but  these  results  have  hitherto  been  of  so  In- 
ifinite  a  characler,  that  Ihcy  con  only  be  regarded  as  pre- 
Dling  fields  tor  experiment,  and  not  as  proving  the  relations 
r  light  to  the  other  forces. 

Ughl  woold  seem  directly  to  produce  heat  in  the  pheuom- 

k  of  wluit  is  termed  absorption  of  light :  in  these  we  find 

I  heat  is  developed  in  some  proportion  to  the  disappeai^ 

f  light.     To  take  Ihe  old  experiment  of  placing  a  se- 

s  of  ditFercnt  coloured  pieces  of  cloth  upon  snow  ciposed 

D  Bunelilne,  the  black  cloth  absorbing  the  most  light,  and  de- 

leloptQg  the  most  heat,  Einks  more  deeply  in  the  enow  thao 
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ai^  Others ;  the  other  ooloars  or  shades  of  oohmr  siiik  the 
more  deeply  in  proportion  as  they  absorb  or  canse  to  disap* 
pear  the  more  light,  until  we  come  to  the  white  doth,  which 
remains  npon  the  snr&ce.  The  heating  powers  of  different 
colours  are,  however,  not  hj  any  means  in  exact  proportion 
to  the  intensity  of  their  light  as  affecting  the  visual  organs. 
Thus  red  light,  when  produced  by  refraction  from  a  prism  of 
glass,  produces  greater  heating  effect  than  yellow  light  in  the 
phenomena  of  absorption,  as  has  been  observed  by  Sir  W. 
HerscheL  The  red  rays  appear,  however,  to  produce  a  dy- 
namic effect  greater  than  any  of  the  others ;  thus  they  pene- 
trate water  to  a  greater  depth  than  the  other  colours ;  but, 
according  to  Dr.  Seebeck,  we  get  a  further  anomaly,  viz. 
that  when  light  is  refracted  by  a  prism  of  water  the  yellow 
rays  produce  the  greater  heating  effect.  The  subject,  there- 
fore, requires  much  more  experiment  before  we  can  ascertain 
the  rationale  of  the  action  of  the  forces  of  light  and  heat  in 
this  class  of  phenomena. 

In  a  former  edition  of  this  Essay,  I  suggested  the  follow- 
ing experiment  on  this  subject : — ^Let  a  beam  of  light  be 
passed  through  two  plates  of  tourmaline,  or  similar  sub- 
stance, and  the  temperature  of  the  second  plate,  or  that  on 
which  the  light  last  impinges,  be  examined  by  a  delicate  thor- 
moscope,  first  when  it  is  in  a  position  to  transmit  the  polar- 
ised beam  coming  from  the  first  plate,  and  secondly  when  it 
has  been  turned  round  through  an  are  of  90^,  and  the  polar- 
ised beam  is  absorbed.  I  expected  that,  if  the  experiment 
were  carefully  performed,  the  temperature  of  the  second  plate 
would  be  more  raised  in  the  second  case  than  in  the  first,  and 
that  it  might  afford  interesting  results  when  tried  with  light 
of  different  colours.  I  met  with  difficulties  in  procuring  a 
suitable  apparatus,  and  was  endeavouring  to  overcome  thorn 
when  I  found  that  Ejioblauch  had,  to  some  extent,  realised 
this  result.  He  finds  that,  when  a  solar  beam,  polarised  in  a 
certain  plane,  is  transmitted  perpendicularly  to  the  axis  of  a 
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cryst&l  of  brown  quartz  or  tonrmiiliiie,  the  heat  is  transmit* 
ted  in  a,  smaller  proportion  Hum  wbea  tho  beam  pusses  along 
the  direction  of  the  axis  of  tbo  ciystaL 

It  is  generally — as  far  as  I  am  aware,  univoraally — true 
that,  while  light  continues  as  light,  even  though  reflected  or 
tranaraitted  by  different  media,  little  or  no  heat  is  developed : 
and,  as  far  aa  we  can  judge,  it  would  appear  that,  if  a  mo- 
diam  were  perfectly  transparent,  or  if  a  aorface  perfectly  re- 
flected b'gbt,  not  the  Bllghlest  healing  effect  would  take  place  | 
but,  wbercrer  light  is  absorbed,  then  heat  takes  its  place,  af- 
fording UB  apparently  an  instance  of  the  conrcrsion  of  light 
into  heat,  and  of  the  fact  that  the  force  of  light  ia  not,  in  fact, 
absorbed  or  annihilated,  but  merely  changed  in  character, 
becoming  in  this  instance  converted  into  Iteat  by  impinging 
onaoUd  matter,  as  in  the  instance  mentioned  in  treating  of 
heat,  tliia  force  was  shown  to  be  converted  into  light  by  im- 
pinging on  solid  matter.  As,  however,  I  bavo  before  ob- 
Bcrved,  this  correlation  of  light  and  heat  is  not  so  distinct,  aa 
with  the  other  affections  of  matter.  One  oxperimeut,  indeed, 
of  UoUoni,  alrcndy  mentioned,  would  seem  to  show  tliat 
light  may  exist  in  a  condition  in  which  it  docs  not  produce 
heat,  which  our  instruments  are  ablo  to  detect ;  but  some 
doubt  has  recently  been  thrown  on  the  accuracy  of  Uiis  ex' 
periment ;  probably  ttie  substances  themselves  through  which 
the  light  is  transmitted  would  bo  found  to  have  been  heated. 

The  recipient  body,  or  that  upon  which  light  impin^s, 
Beema  to  exercise  as  important  an  infiuctico  on  o-j  peroif^ 
tions  of  light  aa  the  etoitlcnt  body,  or  that  from  which  tlie 
light  first  proceeds.  Tiie  recent  expcriuicnta  o.  £ir  John 
Herschd  and  Mr.  Stokes  show  that  radiant  impnlies,  wliich, 
falling  on  certain  bodies,  give  no  effect  of  light,  become  lu- 
minous when  falling  on  other  bodiea. 

Thus,  let  ordinary  solar  light  be  rciractcd  by  y.  priam  (the 
best  material  for  which  is  qnartz),  and  the  spectrum  received 
on  a  (heet  of  paper,  or  of  white  porcelain ;  looking  oa  the 
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.fuptx,  Uie  eye  detects  no  li^  b^xmd  the  extreme  violat 
laja.  If,  therefore,  an  opaque  body  be  interposed  so  aa  jtut 
to  cut  off  the  whole  vUible  spectrom,  the  papier  ironld  be 
dark  or  invuible,  with  the  exception  of  some  slight  iQmnina- 
lion  from  light  reflected  bj  the  ur  and  surroimding  bodies. 
SnbstitutA  for  that  portion  of  the  paper  which  was  beyond 
the  visible  spectrum  a  piece  of  glass  tinged  by  the  oxide  of 
uranium,  and  the  gloss  is  perfectly  visible  ;  so  with  a  bottle 
of  sulphate  of  quinine,  or  of  the  joice  of  horse-chestnuts,  or 
even  paper  soaked  in  these  latter  solutions.  Other  substances 
exhibit  this  effect  in  different  d^rees ;  and  among  the  sub- 
stances which  hare  hitherto  been  considered  perfectly  analo- 
gous as  to  their  appearance  when  illuminated,  notable  diffis^ 
ences  are  discovered.  Thus  it  appears  that  emanations 
which  give  no  impression  of  light  to  the  eye,  when  imping, 
ing  OD  certain  bodies,  become  luminous  when  impinging  on 
others.  We  might  imag^e  a  room  so  constructed  that  sudi 
emanations  alone  are  permitted  to  enter  it,  wbich  would  be 
dark  or  light  accor^g  to  the  substance  with  whicb  the  walls 
were  coated,  though  in  fnll  daylight  the  respective  coatings 
of  the  walls  would  appear  equally  white  ;  or,  without  altei^ 
ing  the  coating  of  the  walls,  the  room  exposed  to  one  dass 
of  rays,  mi^t  be  rendered  dark  by  windows  which  would  be 
transparent  to  another  class. 

If,  instead  of  solar  li^t,  the  electrical  light  be  employed 
for  similar  experiments,  an  equally  striking  effect  can  actually 
be  produced.  A  design,  drawn  on  white  paper  with  a  solu- 
tion of  sulphate  of  quinine  and  tartaric  acid,  is  invisible  by 
ordinary  light,  but  appears  with  beautiful  distinctness  when 
illuminated  by  the  electric  light.  Thus,  in  pronouncing  upon 
a  luminous  effect,  regard  must  be  had  to  the  recipient  as  well 
as  to  the  cmitlout  body.  Tliat  which  is,  or  becomes,  light 
when  it  falls  upon  one  body  is  not  light  when  it  foils  upon 
another.  Probably  the  retince  of  the  eyes  of  different  pei> 
sons  differ  to  some  extent  in  a  similar  manner ;  and  the  same 
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labstance,  illuminated  by  the  same  spectmm,  may  present 
diiicrent  appearances  to  diflVTent  persona,  the  epcelrum  ap- 
pearing more  olongnted  to  the  one  than  to  the  otlicr,  so  tliat 
vlu>t  is  ligbt  to  the  one  is  darkness  to  the  other.  A  depcnd- 
fi  on  the  recipient  body  may  also,  to  a  great  extent,  bo 
dicatud  of  heat.  Let  two  vessels  of  water,  the  contcuis 
c  clear  and  transparent,  of  the  other  tinged  by  some 
ioloiiring  matter,  be  suspended  in  a  summer's  sun  ;  in  a  ^ery 
tort  (iiDQ  a  notable  difference  of  temperature  will  be  ob- 
irred,  the  coloured  having  become  mudi  hotter  tliaii  the 
r  liquid.  If  tbe  first  vessel  be  placed  at  a  considerable 
e  from  the  surface  of  the  cartb,  and  the  second  near 
e  surface,  the  difiercnco  is  Btill  mora  considerable.  Carry- 
g  on  this  experiment,  and  eu^ending  the  first  over  the  top 
'  a  high  mountain,  and  the  second  in  a  valley,  we  may  ob 
in  eo  great  a  difference  of  temperature,  that  animab  whose 
^nixation  is  suited  for  (he  one  temperature  could  not  live 
t  the  other,  and  yet  both  are  exposed  to  the  same  luminous 
tji  at  tlic  same  time,  and  eubalantially  at  the  same  distance 
0om  llie  entittent  body — the  substance  nearer  the  sun  is  in 
tut  colder  than  the  more  remote.  So,  with  regard  to  the 
Udiom  transmitting  the  influence  :  a  green-house  may  have 
•  temporatoro  considerably  varied  by  clianging  the  glass  of 
prlilcb  its  roof  is  made. 

These  effects  have  an  important  bearing  on  certain  coa- 
iical  questions  wlueh  bavo  lately  been  much  discnssed,  and 
luuld  induce  llie  greatest  caution  in  forming  opinions  on 
Sch  subjects  as  light  and  heat  on  the  sun's  surface,  the  Ic-m- 
nmture  of  the  planets,  &c.  This  may  depend  as  much  upon 
beir  physical  constitution  as  npon  their  distance  Ironi  llie 
nn.  Indeed,  the  planet  Mars  gives  us  a  highly  probable  ar- 
ment  for  (his ;  ibr,  notwithstanding  that  it  is  half  as  far 
a  from  the  sun  as  the  earth  ia,  the  increase  of  Iho  while 
u;ts  at  lis  poles  during  its  printer,  and  thoir  diminution  dur- 
g  iu  summer,  show  that  the  temperature  of  the  EuHoce  of 
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this  planet  oscHlates  about  tliat  of  the  freezing  point  of  wal«r, 
08  do  tlio  analogous  zoDes  of  our  planet.  It  is  true,  in  this 
we  assome  that  the  aabstonce  thus  changing  its  state  is  water, 
but,  considering  the  many  close  analogies  of  tiiis  planet  with 
the  earth,  and  the  identity  in  appearance  of  these  very  ejects 
vith  what  takes  place  on  the  earth,  it  seems  a  highly  probi^ 
ble  afisnmption. 

So  it  by  no  means  necessarily  follows,  that  because  Venus 
is  nearer  to  the  eun  than  the  earth,  that  planet  is  hotter  than 
our  globe.  The  force  emitted  by  the  sun  may  take  a  differ- 
ent character  at  the  surface  of  each  different  planet,  and 
require  different  organisms  or  senses  for  its  appreciation. 
Myriads  of  organised  beings  may  exist  imperceptible  to  our 
vision,  even  if  we  were  among  them  ;  and  we  might  be  also 
imperceptible  to  them  I 

However  vain  it  may  be,  in  the  present  state  of  science, 
to  speculate  upon  such  existences,  it  is  equally  vain  to  assume 
identity  or  close  approximations  to  our  own  forms  in  those 
beings  which  may  people  other  worlds.  From  analogical 
reasoning,  or  from  final  causation,  if  that  bo  admitted,  we 
may  feel  convinced  that  the  gorgeous  globes  of  the  universe 
aro  not  impeoplcd  deserts ;  but  whether  the  denizens  of  other 
worlds  are  more  or  less  powerful,  more  or  less  intelligent^ 
whether  they  have  attributes  of  a  higher  or  lower  class  than 
ourselves,  is  at  present  an  utterly  hopeless  guessing. 

Specific  gravity  and  intelligence  have  no  necessary  con- 
nexion. On  our  own  planet  five  senses,  and  a  mean  density 
equal  to  that  of  water,  are  not  invariably  associated  with  in- 
tellectual or  moral  greatness,  and  the  many  arguments  which 
have  been  used  to  prove  that  suns  and  planets  other  than  llio 
earth  ore  uninhabited,  or  not  inhabited  by  intellectual  beings, 
might,  mutatis  mulandU,  equally  be  used  by  ihe  denizens  cf 
a  sun  or  planet  to  prove  that  this  world  was  uninhabited. 

Men  are  too  apt,  because  they  are  men,  because  their 
existence  is  the  one  thing  of  all  importance  to  themselves,  to 
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OB  though  it  was  formed  for 

artist  of  the  aim,  a  man  might  not 
an    object  of  crealion  aa  he  does 

Ught  wa3  regarded,  by  what  waa  termed  the  corpnaeulor 
theory,  as  being  in  itself  matter  or  a  apeclflc  fluid  emanating 
from  limmious  boiiic?,  and  prodncing  the  effects  of  sensation 
by  impinging  on  the  rclina.  Tiiia  theory  gave  way  to  the  un- 
dnlalnry  one,  which  is  generally  adopted  in  the  present  day, 
and  which  regards  light  as  resulting  from  the  undulation  of  a 
apoeific  fluid  to  which  the  name  of  ether  has  been  given, 
which  hypothetic  fluid  is  supposed  to  pervade  the  universe, 
and  to  pCDctrnto  the  pores  of  all  bodies, 

In  a  Lecture  delivered  in  January  1842,  when  I  first 
publicly  advanced  the  views  advocated  in  this  Essay,  I  stated 
that  it  appeared  to  me  more  consistent  with  known  facts  to 
regard  light  as  resulting  from  a  vibration  or  motion  of  the 
molecules  of  matter  itself,  rather  than  &om  a  specitic  ether 
pervading  it ;  just  as  soimd  is  propagated  by  the  vibratious 
of  wood,  or  as  waves  are  by  water.  I  am  cot  here  speaking 
of  the  character  of  the  vibrations  of  light,  sound,  or  water, 
which  are  doubtless  very  diilerent  from  each  other,  but  am 
only  comparing  them  so  far  as  they  illustrate  the  propagation 
of  force  by  motion  in  tho  matter  itself. 

I  was  not  aware,  at  tho  time  that  I  first  adopted  the 
above  view,  and  brought  it  forward  in  my  Lectures,  that  tho 
culebraled  Leonard  Euler  had  published  a  somewhat  similar 
theory ;  and,  though  I  suggested  it  without  knowing  that  it 
hud  been  previously  advanced,  I  should  have  hesitated  in 
reproducing  it  had  I  not  found  that  it  was  sanctioned  by  so 
eminent  a  mathematician  as  Kulcr,  who  cannot  be  supposed 
to  liave  overlooked  any  irresistible  orgimient  against  it — tho 
more  so  io  a  matter  so  much  controverted  and  discussed  as 
tho  undulalory  theory  of  light  was  in  his  lime. 

Although  tliia  theory  has  bccu  considered  defective  by  a 
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phnoflopber  of  Ugh  repnte,  I  cannot  Me  the  fiiroe  of  tba 
armaments  by  irhich  it  has  been  asaaOed ;  and  therefore,  fof 
the  present,  though  with  diffidence,  I  atiU  adhere  to  it.  The 
&ct  ilself  of  the  correlation  of  the  different  modes  of  force  is 
lo  mj  mind  a  very  ct^nt  krgament  Iq  {avour  of  their  being 
affections  ofthe  same  matter;  aadthongh  electricity,  magnet 
ism,  and  heat  might  be  vievod  as  produced  by  nndulations  of 
the  some  ether  as  that  by  means  of  which  light  is  sappoaed  to 
be  produced,  yet  this  bypotbesiB  offers  greater  difficulties  with 
regard  to  the  otber  affections  than  with  regard  to  Ught :  many 
of  these  difficulties  I  have  already  allnded  to  when  treating  ot 
elcctrici^ ;  thus  conduction  and  non-conduction  are  not  e^ 
plained  by  it ;  the  transmission  of  electricity  through  long 
wires  in  preference  to  the  air  which  Burrounds  them,  and 
which  most  be  at  least  equally  pervaded  by  the  ether,  is 
irreconcilable  with  such  an  hypothesis.  The  phenomena  ex- 
hibited by  these  forces  afford,  as  I  think,  equally  strong  evi- 
dence with  tbose  of  light,  of  ordinary  matter  acting  from  par- 
ticle lo  particle,  and  having  no  action  at  a  distance.  I  have 
already  instanced  the  experiments  of  Faraday  on  electrical 
induction,  showing  it  to  be  an  action  of  contiguous  particles, 
which  are  strongly  in  tavour  of  this  view,  and  many  experi- 
ments which  I  hare  made  on  the  voltaic  arc,  some  of  which 
I  have  mentioned  in  this  Essay,  are,  to  my  mind,  confirma- 
toiy  of  it. 

If  it  be  admitted  that  one  of  the  so-called  imponderables  is 
a  mode  of  motion,  then  the  fact  of  its  being  able  to  produce 
the  others,  and  be  produced  by  them,  renders  it  highly  diffi- 
cult to  conceive  some  as  molecular  motions  and  others  as 
fluids  or  undulations  of  an  ether.  To  the  main  objection  of 
Dr.  Young,  that  all  bodies  would  have  the  properties  of  Bolai 
phosphorus  if  light  consisted  in  the  undidalions  of  ordinary 
matter,  it  may  be  answered  that  so  many  bodies  havo  this 
properly,  and  with  so  great  a  varie^  in  its  duration,  that 
non  eonttat  aU  may  not  have  it,  though  for  a  time  so  short 
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t  detect  it«  duration.  H.  E.  Becquerel 
has  mode  many  cxperimenta  'wliich  support  thia  viuw;  the 
fact  of  the  phosphorescence  by  insohtlion  of  a  large  number 
of  boilies,  is  in  ilsclf  oyidence  of  tLo  matter  of  which  they  are 
compoecd  being  thrown  into  a,  state  of  unduLiliou,  or  at  all 
events  molecularly  afiected  by  the  impact  of  light,  and  is 
therefore  an  argument  in  support  of  the  view  to  which  objec- 
tion is  taken.  Dr.  Young  admite  that  the  phenomena  of 
Bolar  phosphorus  appear  to  resemble  greoUy  the  sympathetic 
sounds  of  musical  instruments,  which  are  agiCat«d  by  other 
sounds  conveyed  to  thom  throug:h  the  air,  and  I  am  not  awaro 
that  he  gives  any  explanation  of  these  effects  on  the  ethereal 
hypothesis. 

Some  curious  experimenls  of  M.  Niepcc  do  St.  Victor 
seem  also  to  present  an  analogy  in  luininoua  phenomena  lo 
sympathetic  sounds.  An  engraving  which  has  been  kept  for 
some  days  in  the  dark  is  half  covered  by  an  opaque  screen, 
and  then  exposed  to  the  sun;  it  is  then  removed  from  the 
light,  the  screen  taken  away,  and  the  engraving  placed  oppo- 
site, and  at  a  short  ilialaacc  from,  photographic  paper :  an 
inverted  image  of  that  portion  of  the  engraving  which  has 
been  exposed  to  the  sun  is  produced  on  the  pholographic 
paper,  while  the  part  which  had  been  covered  by  Llie  screen 
is  not  reproduced.  If  the  engraving,  after  cxposuro,  is 
allowed  to  remain  in  contact  with  white  paper  for  some  hours, 
and  the  white  paper  is  then  placed  upon  photographic  paper, 
a  fiunt  imago  of  the  exposed  portion  of  the  engraving  is  repro- 
duced. Similar  results  are  produced  hy  mottled  marble  ex- 
posed to  the  sun  ;  an  invisible  tracing  on  paper  by  a  fluores- 
cent body,  sulphate  of  quinine,  is,  afler  insolation,  reproduced 
on  Iho  photographic  paper.  Insolaled  paper  retains  the  power 
of  producing  an  impression  for  a  very  long  period,  if  it  is  kept 
in  an  opaqno  tnbo  hermetically  closed. 

It  is  right  to  observe  that  these  offecU  are  supposed  by 
many  to  be  due  to  chemical  emanations  proceeding  from  the 
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Bubstances  exposed  to  the  snn/and  which  are  believed  to  have 
undergone  some  chemical  change  by  this  exposure.  It  is 
desirable  to  await  further  experiment  before  forming  a  decid- 
ed opinion. 

The  analogies  in  the  progression -of  sound  and  lig^t  are 
very  numerous :  each  proceed  in  straight  lines,  mitil  inter- 
rupted ;  each  is  reflected  in  the  same  manner,  the  angles  of 
incidence  and  reflexion  being  equal ;  each  is  alternately  nullt- 
fled  and  doubled  in  intensity  by  interference  ;  eadi  is  capable 
of  refraction  when  passing  from  media  of  different  densily : 
this  last  cflect  of  sound,  long  ago  theoretically  determined, 
has  been  experimentally  proved  by  Mr.  Sondhauss,  who  con- 
structed a  lens  of  films  of  collodion,  which,  when  filled  with 
carbonic  acid,  enabled  him  to  hear  the  ticking  of  a  watch 
placed  in  one  focus  of  the  lens,  the  ear  of  the  experimenter 
being  in  the  opposite  focus.  The  ticking  was  not  heard 
when  the  watch  was  moved  aside  frt)m  the  focal  point,  though 
it  remained  at  an  equal  distance  from  the  ear.  An  experi- 
ment of  M.  Dove  seems,  indeed,  to  show  an  eflect  of  polari- 
sation of  soimd. 

The  phenomena  presented  by  heat,  viewed  according  to 
the  dynamic  theory,  cannot  be  explained  by  the  motion  of  an 
imponderable  ether,  but  involve  the  molecular  actions  of 
ordinary  ponderable  matter.  The  doctrine  of  propagation  by 
undulations  of  ordinary  matter  is  very  generally  admitted  by 
those  who  support  the  dynamical  theory  of  heat ;  but  the 
analogies  of  the  phenomena  presented  by  heat  and  light  are 
so  close,  that  I  cannot  see  how  a  theory  applied  to  the  one 
agent  should  not  be  applicable  to  the  other.  When  heat  is 
transmitted,  reflected,  refracted,  or  polarised,  can  we  view 
that  as  an  affection  of  ordinary  matter,  and  when  the  same 
effects  take  place  with  light,  view  the  phenomena  as  pro- 
duced by  an  imponderable  ether,  and  by  that  alone  ? 

An  objection  that  inunediately  occurs  to  the  mind  in 
reference  to  the  ethereal  hypothesis  of  light  is,  that  the  most 


porona  bodies  are  opaque  ;  cork,  charcoal,  pumice  Bloae,  dried 
aod  moist  wood,  &c.,  all  very  poroua  and  very  light,  are  aU 
opaque.  This  objcOtiOD  ia  not  so  superficial  as  it  might  Bccm 
ftt  first  Bigbt.  The  theory  which  assumes  that  light  is  an 
Undulution  of  an  ethereal  medium  pervading  gross  matter, 
aseumes  the  diaUtnces  bctwccu  the  moleculeB  or  aloma  of 
matter  to  be  very  great.  Matter  bas  been  likened  by  Dcnio- 
CrituB,  and  by  many  moilcm  philoaophera,  to  the  slarry  firmu- 
menl,  in  wliieh,  though  the  individual  monads  are  at  immcnao 
distances  from  each  other,  yet  they  have  in  the  aggregate  a 
diaracter  of  unity,  and  arc  firmly  held  by  attraction  in  their 
respective  positions  and  at  definite  dislancea.  Now,  if  matter 
be  built  up  of  separate  molecules,  then,  as  far  as  our  knowl- 
edge extends,  the  lightest  bodies  would  be  those  in  which  the 
molecules  are  at  the  greatest  dlstaoces,  aud  those  in  which 
any  undulation  of  a  pervading  mcdiimi  would  be  the  least 
interfered  with  by  the  separated  partielca — such  bodies  should 
consequently  be  the  most  transparent. 

If,  again,  the  analogy  of  the  starry  firmament  held  good, 
in  tliis  case  an  undulation  or  wave  proportioned  to  the  indivi- 
dual monails  would  bo  broken  up  by  the  number  of  them,  and 
&Q  very  appearance  of  continuity  which  results,  as  in  iho 
milky  way,  from  each  point  of  visiou  being  occupied  by  oao 
of  the  monads,  would  show  that  at  some  portion  of  its  pro- 
gress the  wave  is  interrupled  by  one  of  them,  so  that  the 
whole  may  he  viewed  in  some  respect  as  a  sheet  of  ordinary 
maltftr  interposed  in  tiie  ctliereal  expanse. 

Even  then,  if  it  be  admitted  that  a  liighly  elastic  medium 
pervades  the  interspaces,  the  separato  masses  as  a  ivliole  must 
exercise  au  important  influence  on  the  progresa  of  the  wave. 

Sound  or  vibrations  of  air  meeting  with  a  screen,  or,  as 
it  were,  sponge  of  difl'uaed  particles,  would  be  broken  up  and 
dispersed  by  ihem  ;  but  if  they  bo  sufficienlly  continuous  to 
take  up  the  vibraiion  and  pro])agale  it  themselves,  the  eonud 
eontiuues  comparatively  unimpaired. 
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With  regard,  however,  to  liquid  and  gaseous  bodies,  there 
are  very  great  difficulties  in  viewing  them  as  consisting  of 
separate  and  distant  molecules.  If,  for  instance,  we  assume 
with  Young  that  the  particles  in  water  are  at  least  as  distant 
from  each  other  comparatively  as  100  men  would  be  if  dis- 
persed at  equal  distances  over  the  surface  of  England,  the  dis- 
tance of  these  particles,  when  the  water  is  expanded  into 
steam,  would  be  increased  more  than  forty  times,  so  that  the 
100  men  would  be  reduced  to  two,  and  by  Airther  increasing 
the  temperature  this  distance  may  be  indefinitely  increased ; 
adding  to  the  effects  of  temperature  rarefaction  by  the  air> 
pump,  we  may  again  increase  the  distance,  so  that,  if  we  as- 
sume any  original  distance,  we  ought,  by  expansion,  to  in- 
crease it  to  a  point  at  which  the  distance  between  molecule 
and  niolccule  should  become  measurable.  But  no  extent  of 
rarefaction,  whether  by  heat  or  the  air-pump,  or  both,  makes 
the  slightest  change  in  the  apparent  continuity  of  matter ; 
and  gases,  I  find,  retain  their  peculiar  character,  as  far  as  a 
judgment  of  it  can  be  formed  from  its  effect  on  the  electric 
spark,  throughout  any  extent  of  rarefaction  which  can  exper- 
imentally be  applied  to  them :  thus  the  electric  spark  in  protr 
oxide  of  nitrogen,  however  attenuated,  presents  a  crimson 
tint,  that  in  carbonic  oxide  a  greenish  tint. 

"Without,  however,  entering  on  the  metaphysical  enquiry 
as  to  the  constitution  of  matter  (or  whether  the  atomic  phil- 
osophers or  the  followers  of  Boscovich  are  right),  a  question 
which  probably  liuman  appliances  will  never  answer :  and 
even  admitting  that  an  ethereal  medium,  not  absolutely  im- 
ponderable as  asserted  by  many,  but  of  extreme  tenuity,  per- 
vades matter,  still  ordinary  or  non-ethereal  matter  itself  must 
exercise  a  most  important  action  upon  the  transmission  of 
light ;  and  Dr.  Young,  who  opposed  the  theory  of  Euler,  that 
light  was  transmitted  by  imdulations  of  gross  matter  itself, 
just  as  sound  is,  was  afterwards  obliged  to  call  to  his  assis- 
tance the  vibrations  of  the  ponderable  matter  of  the  refract- 
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iDg  media,  to  explain  why  rays  of  all  colours  were  not  equal- 
ly refracted,  and  other  dllfi cullies.  One  of  liis  arguments  in 
Bupport  of  the  exislenco  of  a  permealiDg  ether  was,  "  that  a 
ledium  resembling  in  many  properliea  that  which  haa  been 
denominated  Ether  does  exist,  ie  nadeniably  proved  by  the 
phenomena  of  electricity."  This  seems  to  me,  if  I  may  ven- 
ture to  say  BO  of  anything  proceeding  from  so  eminent  a  man, 
JceJy  logical :  it  is  sopporting  one  hypothesis  by  anolber, 
and  considering  that  to  be  proved  whicli  its  most  stronnoni 
advocates  admit  to  be  Burroundcd  by  very  many  dtfiiculties. 

If  it  be  said  that  there  is  not  eufficient  elasticity  in  ordi- 
nary matter  for  the  transmission  of  undulatiaiis  wilb  such  ve- 
loeity  as  light  is  known  to  travel,  this  may  be  eo  if  the  vibra- 
tJoDs  be  sn]iposed  exactly  analogous  to  tlioae  of  sound  ;  but 
that  molecular  motion  can  travel  with  equal  and  even  greater 
velocity  than  light,  is  shown  by  the  rapidity  with  whieb  eloo- 
tricily  traverses  a  metal  wire  where  each  particle  of  melol  ia 
nodoubledly  afTccted.  It  has,  moreover,  been  shown  by  tlie 
experiments  of  Mr.  Latimer  Clarke  tipon  a  length  of  wire 
of  7G0  milca,  that  whatever  be  the  intensity  of  electrical  cur- 
rents, they  are  propagated  with  the  same  velocity  provided 
the  effects  of  lateral  induction  bo  tlie  same — a  striking  anal- 
ogy with  one  of  tbe  effects  observed  in  the  propagation  of 
Ught  and  sound.  Tbe  effects  observed  by  MM.  Fizeau  and 
Foucanlt,  of  the  slower  progression  of  light  in  proportion  as 
the  transmitting  medium  is  more  dense,  seem  to  me  infavour 
of  the  view  here  advocated ;  as  a  greater  degree  of  heat 
would  be  produced  by  liglit  in  proportion  to  tlie  density  of 
tbe  medium,  force  would  bo  thus  carried  off,  and  the  molecular 
6ysl«m  disturbed  so  that  the  progress  of  the  motion  should  be 
more  alow  ;  but  so  many  considoratioos  enter  into  this  question, 
and  Ibo  phenomena  are  so  extremely  complex,  that  it  would 
b«  rash  to  hazard  any  positive  opinion. 

Dr.  Young  ultimately  come  to  llie  conclusion  that  it  was 
■ia^eat  to  consider  the  ethereal  medium,  together  with  tba 
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To  take  a  more  refined  iualiince:  nitrogen  is  perfeclly 
eolourlese,  oaygcn  is  perfectly  colourless,  but  chemieally  uni- 
ted in  certain  proportions  they  form  uitrous  acid,  a  gas  whicli 
has  a  deep  orange  brown  colour.  I  know  not  liow  the  col- 
our of  t1u3  gas,  or  of  such  gases  as  chlorine  or  Tuponr  of 
iodine,  con  be  accounted  for  by  the  ethereal  hypothesis,  witli- 
out  calling  in  aid  molecular  aSectioos  of  the  matter  of  these 
gases. 

Colour  in  many  instances  depends  upon  the  tliickneas  of 
the  plate  or  film  of  transparent  matter  upon  which  light  is  in- 
cident ;  as  in  all  those  cases  wbii^b  are  termed  the  colours  of 
tbin  plates,  of  which  the  soap  bubble  alTords  a  boaaliful  in- 

When  wo  arrive  at  the  more  recent  discoveries  of  double 
rclractioQ  and  polarisation,  the  eifects  of  light  are  fonnd  to 
truce  out  as  it  were  the  slrueture  of  the  matter  alTecled,  and 
the  crystalline  form  of  a  body  con  bo  determined  by  the 
effects  which  a  minute  portion  of  it  exercises  on  a  ray  of 
light. 

Let  a  piece  of  good  glass  be  placed  in  what  is  colled  a 
polariscope,  or  instrument  in  which  light  that  bas  undcrgono 
polarisation  is  transmitted  through  the  substance  to  be  exam- 
ined, and  the  emergent  light  is  ancnvards  submitted  to  anoth- 
er substance  capable  of  polarising  light,  or,  as  it  is  termed,  an 
analyser ;  no  cliango  in  oltect  will  be  observed,  liemove  the 
glass,  heat  it  and  suddenly  or  quickly  cool  it  as  to  render  it 
unanuealcd,  in  which  stale  its  molecules  are  in  a.  stato  of 
tension  or  strain,  and  the  ghiss  liighly  brittle,  ou  replacing,  it 
ju  the  polariacope,  a  boantiful  scries  of  colours  is  perceptible. 
[nstead  of  subjecting  the  gloss  to  heat  and  snddon  cooling, 
let  it  be  bent  or  strained  by  mechanical  pressure,  and  the  col- 
ours will  he  equally  visible,  modified,  according  to  tbc  direc- 
tion of  the  flexure,  and  indicating  by  llioir  course  the  curves 
where  the  molecular  state  bas  l>ocu  changed  by  pressure.  So 
if  kiiigh  glue  bo  elongated  and  allowed  to  cool  in  a  stretched 
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State,  it  doublj  refracts  lig^t,  and  the  ooloors  are  shown  as  in 
tbc  instance  of  ^ass. 

Submit  a  series  of  crystals  to  the  same  examination,  and 
different  figores  will  be  formed  by  dififecsBt  crystals,  bearing 
a  constant  and  definite  relation  to  the  structure  of  the  partio 
ular  crystal  examined,  and  to  the  direction  in  which,  with 
reference  to  crystalline  form,  the  ray  crosses  the  crystaL 

In  the  crystallised  salts  of  paratartaric  acid,  M.  Pasteur 
noticed  two  sets  of  crystals  which  were  hcmihedral  in  oppo- 
site directions,  i.  e.  the  crystals  of  one  set  were  to  those  of 
the  other  as  to  their  own  image  reflected  in  a  mirror ;  on 
making  a  separate  solution  of  each  of  these  classes  of  crys- 
tals, he  found  that  the  solution  of  the  one  class  rotated  the 
plane  of  polarisation  to  the  right,  while  that  of  the  other 
class  rotated  to  the  lefl,  and  that  a  mixture  in  proper  propor- 
tions of  the  two  solutions  produced  no  deviation  in  the  plane 
of  polarisation.  Yet  all  these  three  solutions  are  what  is  term- 
ed isomeric,  that  is,  have  as  far  as  can  be  discovered  the  same 
chemical  constitution. 

In  the  above,  and  in  innumerable  other  cases,  it  is  seen 
tliat  an  alteration  in  the  structure  of  a  transparent  substance 
alters  the  character  and  effects  of  the  transmitted  light.  The 
phenomena  of  photography  prove  that  light  alters  the  struc- 
ture of  matter  submitted  to  it ;  with  regard  even  to  vision  it^ 
self,  the  persistence  of  images  on  the  retina  of  the  eye  would 
seem  to  show  that  its  structure  was  changed  by  the  impact 
of  light,  the  luminous  impressions  being  as  it  were  branded 
on  the  retina,  and  the  memory  of  the  vision  being  the  scar  of 
such  brand.  The  science  of  photography  has  reference  main- 
ly to  solid  substances,  yet  there  are  many  instances  of  liquid 
and  gaseous  bodies  being  changed  by  the  action  of  light :  thus 
hydrocyanic  acid,  a  liquid,  undergoes  a  chemical  change  and 
deposit H  a  solid  carbonaceous  compound  by  the  action  of 
light.  Chlorine  and  hydrogen  gases,  when  mixed  and  pre- 
in  darkness,  do  not  unite,  but  when  exposed  to  light 
combine,  forming  hydrochloric  acid. 
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■nie  abore  fiicls — and  many  others  might  have  been  giveii 
—go  far  to  connect  light  with  motion  of  ordinary  matter,  and 
(o  show  that  many  of  the  evidences  which  our  senses  recoiva 
of  dn'  existence  of  light  resolt  from  changes  in  matter  itself. 
When  the  matter  ia  in  the  solid  state,  these  changes  are  more 
or  less  permanent ;  whea  in  the  liquid  or  gaseons  state,  they 
arc  temporary  in  the  greater  number  of  instances,  unless  there 
be  soma  chemical  change  ctTected,  which  is,  oa  it  were,  seized 
npon  during  its  occurrence,  and  a  resulting  compound  formed, 
which  ia  more  stable  tban  Ibc  original  compound  or  mix- 
ture. 

I  might  weary  my  reader  with  examples,  showing  that, 
in  every  case  which  we  can  trace  out,  llic  effects  of  light  are 
changed  by  any  and  every  change  of  structure,  and  that  li^t 
baa  a  definite  eonnectioD  with  the  structure  of  the  bodies 
afTectud  by  it.  I  cannot  hut  tliink  that  it  is  a  strong  aeeam'^ 
tion  to  regard  other,  a  purely  hypothetical  creation,  as  chang- 
ing  its  elasticity  for  each  change  of  structure,  and  to  regard 
it  as  penetrating  tlie  pores  of  bodies  of  whose  porOEiity  we 
have  in  many  cases  no  proof;  the  wliich"  pores  must,  more- 
over, have  a  definite  and  peculiar  communication,  also  assumed 
for  the  purpose  of  the  theory. 

Ether  is  a  most  convenient  medium  for  hypolheeis  :  tJius, 
if  to  account  for  a  given  phenomenon  llie  hypothesis  requires 
thai  the  ether  be  mora  elastic,  it  is  said  to  bo  more  elastic ; 
if  mora  dense,  it  is  said  to  be  more  dense  ;  if  it  be  required 
by  bypolhesis  to  be  loss  clastic,  it  is  proDOtmced  to  be  less 
clastic  ;  and  so  on. 

The  advocates  of  llie  ethereal  hypothefiis  certainly  have 
this  advantage,  that  the  elher,  being  hypothetical,  can  hare 
its  characters  modified  or  changed  without  any  possibility  of 
disproof  cither  of  ila  existence  or  niodifi  cat  ions. 

It  may  be  lliat  Uie  refined  molhemulical  labours  ou 
light,  OB  on  cleclricily,  have  given  an  undue  and  adventitious 
(trenglh  to  the  hypothcsea  on  which  they  arc  based. 
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An  objectkm  to  wbich  the  Tieir  I  haye  been  adrocalmg  ii 
open,  and  a  fonnidAble  one,  iBi  the  neoeBsifyinyolyed  in  it  of 
an  univenalplennm ;  fbrif  lig^heatyelectricilyydECybealfoo- 
tionB  of  ordinaxy  matter,  then  matter  nrast  be  enppoaed  to  be 
everywhere  where  these  phenomena  are  apparent,  and  oon- 
sequentlj  there  can  be  no  Tacoonu 

These  forces  are  transmitted  throogti  what  are  caDed 
Tacua,  or  throng  the  interplanetary  spaces,  where  matter,  if 
it  exist,  mnst  be  in  a  In^jbly  attenoated  state. 

It  may  be  saMy  stated  that  hitherto  all  attempts  at  pro- 
curing a  perfect  vaciram  have  fiuled.  The  ordinaiy  air- 
pump  gives  ns  onljr  highly  rarefied  air ;  and,  by  the  principle 
of  construction,  even  of  the  best,  the  operation  depends  upon 
the  indefinite  expansion  of  the  volume  of  air  in  the  receiver ; 
even  in  the  vacuum  which  is  formed  in  this,  so  great  is  the 
tendency  of  matter  to  fill  up  space,  that  I  have  observed  dis- 
tilled water  contained  in  a  vessel  within  the  exhausted  receiv- 
er  of  a  good  air-pump  has  a  taste  of  tallow,  derived  from  the 
grease,  or  an  essential  oil  contained  in  it,  which  is  used  to 
form  an  air-tight  junction  between  the  edges  of  the  receiver 
and  the  pump-plate. 

The  Torricellian  vacuum,  or  that  of  the  ordinary  baro- 
meter, is  filled  with  the  vapour  of  mercury ;  but  it  might  be 
worth  the  trouble  to  ascertain  what  would  be  the  effect  of  a 
good  Torricellian  vacuum,  when  the  mercury  in  the  tube  is 
frozen,  which  might,  without  much  difficulty,  be  now  efiected 
by  the  use  of  solid  carbonic  add  and  ether ;  the  only  proba- 
ble difficulty  would  be  the  difierent  rates  of  contraction  of 
mercury  and  glass,  at  such  a  degree  of  cold,  and  more  par- 
ticularly the  contraction  of  mercury  at  the  period  of  its 
solidification.  Davy,  however,  endeavoured  to  form  a 
vacuum,  in  a  somewhat  similar  manner,  over  fused  tin,  with 
but  partial  success ;  he  also  made  many  other  attempts  to 
obtain  a  perfect  vacuum ;  his  main  object  being  to  ascertain 
what  would  be  the  effect  of  electricity  across  empty  qpaoe : 
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he  udmiU  tLat  he  could  not  succeed  in  procuring  a  vacuum, 
but  Ibuad  electricity  much  legs  readily  conducti^il  or  trana- 
milled  hy  llie  best  vacuum  ho  uould  procure  than  by  the  ui*di- 
nary  Boylcan  vacuum. 

Morgan  found  no  conduction  by  a  good  TomceUiaa  vac- 
uum ;  and,  although  Davy  docs  not  acem  to  place  much  reliauce 
on  Morgan's  experiments,  there  was  one  point  in  which  they 
nq^  less  liable  to  error  than  those  of  Davy.  Morgan,  whose 
eiperimenta  seem  to  have  been  carcMly  conducted,  operated 
with  hermetically-scaled  gkas  tubes  and  by  induced  electricity, 
while  Davy  sealed  a  platinum  wire  inio  the  extremity  of  Ihu 
tube  iu  which  be  sought  to  produce  a  vacuum.  I  have  found 
in  very  ntunerouB  eiperimenia  which  I  made  to  cicludu  air 
from  water,  that  plolinum  wires,  moat  carefully  sealed  into 
glass,  allow  liquids  to  pass  between  them  and  the  ghiss  ;  aud 
ihU  gives  every  reason  to  believe  that  gases  may  equally  poSB 
llirougb  ;  I  liave  observed  such  effect  in  the  gas  batteiy  when 
it  has  becu  in  action  for  a  long  period.  Davy  supposed  that 
Ibe  particles  of  bodies  may  bo  detaclicd,  and  so  produce  elec- 
trical effects  ill  a  vaeiunm  ;  and  such  effects  would  more  read- 
ily take  place  in  lua  experiments,  where  a  wire  projected 
iulo  the  exhausted  space,  than  iu  Morgan's,  where  the  in- 

!d  electricity  waa  diffused  over  die  surface  of  the  glass. 

M.  Masaon  ibimd  that  the  barometric  vncunm  does  not 
«ondact  a  current  of  electricity,  or  even  a  discharge,  unless 
the  Unaion  is  coosidcrablo  aud  sufhcient  to  detach  particles 
from  ttie  electrodes ;  and  by  adopting  a  plan  of  Dr.  An- 
drews, viz.  absorbing  carbonic  acid  by  potash,  M.  Gassiot 
lias  recently  succeeded  in  forming  vacua  across  which 
the  powerful    discharge    &om  the  Rhumkorf  coil  will  not 

The  odour  which  many  metals,  sucli  as  iron,  tin,  and 
line  emit,  and  (he  so-called  thermographic  radiations,  we 
can  hardly  explain  upon  any  other  theory  than  the  evapora- 
an  inljnitesi molly  small  puitiou  of  the  metal  itself. 


iulo 
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So  tmiTenal  is  the  tondencj  of  matter  to  difitase  itadf 
into  space,  that  it  gave  rise  to  the  old  aaying  that  nature 
abhors  a  yacaam ;  an  aphorism  whidiyUioog^eaYiDed  at  and 
ridiculed  hy  the  self^nifficiencj  of  some  modem  philoeophera, 
contains  in  a  terse,  Ihon^  somewhat  meti^ihorioal,  finrn  of 
expression  a  oomprehensife  Imth,  and  erinces  a  large  extent 
of  observation  in  those  idio,  with  few  of  the  advantages  whidi 
we  possess,  first  generalised  hjthis  sentence  the  flMSta  of 
which  the  J  had  become  cognisant. 

It  has  been  argoed  that,  if  matter  were  capaUe  of  inflnite 
divisibilitj,  the  earth's  atmosphere  woold  have  no  limit,  and 
that  conseqnendj  portions  of  it  woold  exist  at  points  of  qiaee 
where  the  attraction  of  the  sun  and  planets  would  be  greater 
than  that  of  the  earth,  and  whence  it  woold  fl^  off  to  those 
bodies  and  form  atmospheres  aroond  them.  This  was  sop- 
posed  to  be  negatived  by  the  argoment  of  the  well-known 
paper  of  Dr.  Wollaston ;  in  which,  from  the  absence  of  notar 
ble  refraction  near  the  margin  of  the  son  and  of  the  planet 
Jupiter,  he  considered  himself  entitled  to  conchide  that  the 
expansion  of  the  earth's  atmosphere  had  a  definite  limit,  and 
was  balanced  at  a  certain  point  by  gravitation :  this  deduc- 
tion has  been  shown  to  be  incondosivebj  Dr.  Whewell,  and 
has  also  been  impugned  upon  others  groonds  bj  Dr.  Wilson* 
There  is  a  point  not  adverted  to  in  these  papers,  and  which 
WoUaston  does  not  seem  to  have  considered,  yix.  that  there 
is  no  evidence  that  the  apparent  discs  of  the  sun  and  of  JiqM- 
ter  show  us  their  real  discs  or  bodies.  Sir.  W.  Herschel 
regards  the  margin  of  the  visible  discs  as  that  of  clouds  or  a 
peculiar  state  of  atmosphere,  and  the  rapidly  changing  char- 
acter of  the  apparent  surfaces  render  some  such  condusion 
necessary.  K  this  be  so,  refraction  of  an  occulted  jstar  could 
not  be  detected — at  aU  events,  in  the  denser  portion  of  the 
atmosphere. 

Sir  W.  Hersdiel's  observations  go  to  prove  that  tfaa 
fun  and  Jupiter  have  dense  atmospheres,  whfle  WbDaslon'a 
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^erc  believed  to  prove  that  tlicy  have  no  appreciable  atmoa 
phercs. 

If  it  be  admitted,  or  considered  proved,  (hat  Iho  sun  and 
planets  have  atmospheres — and  little  doubt  now  exists  on  this 
point — then  the  grounds  upon  which  Wollaston  founded  his 
argnmenlB  arc  untenable  ;  and  there  appears  no  reason  why 
the  atmosphere  of  the  different  planets  should  not  be,  with 
reference  to  each  other,  in  a  state  of  equilibrinm.  Ether,  or 
the  highly-atlcnuated  matter  existing  in  the  interplanetary 
•paces,  being  an  expansion  of  some  or  all  of  these  attnos* 
fherea,  or  of  the  more  volatile  portions  of  Ihom,  would  Ilius 
fiimish  matter  for  the  transmission  of  the  modes  of  motion 
which  we  call  light,  heat,  &c. ;  and  possibly  niiiinte  portions 
of  these  atmospheres  may,  by  gradual  chnnges,  pass  Irom 
"planet  to  planet,  forming  a  link  of  material  conmiunicalioD 
l>etween  the  distant  monada  of  the  universe. 

The  view  given  above  would  approximate  the  theory  of 
the  transmission  of  light  by  the  undulations  of  ordinary  raal- 
'ier  to  the  other  two  tbcories,  which  equally  sappose  the  non- 
Bxisteiice  of  b  vacuum ;  for,  according  to  the  emiasive  or 
'Aorpnscular  theory,  the  vacnom  is  filled  by  the  matter  itaeF, 
of  light,  heat,  &e. ;  according  to  the  ethereal,  it  is  filled  by 
Hie  all-pe  net  rating  ether.  Of  the  cxislcnce  of  matter  in  the 
interplanetary  spaces  we  have  some  evidence  in  the  diminish- 
ing periods  of  comets  ;  and  where,  from  its  highly  attenoatcd 
!|Kate,  the  character  of  the  medium  by  which  the  forces  are 

iveyed  cannot  he  tested,  the  term  ether  is  a  most  appropri- 

gcncric  name  for  such  mcdinm. 

Newton  has  somo  curious  passages  uo  the  subject  matter 
■"•f  light.     In  the  '  Queries  to  the  Optics '  he  says ; — 

Are    not  gross    bodies  and  light  convertible  into  one 
fanother,  aud  may  not  bodies  receive  much  of  their  activity 
the  particles  of  hght  which  enter  their  composition? 
"     •     "     The  changing  of  bodies  into  light  and  light  into 
idies  is  very  eonformablo  to  the  course  of  nature,  which 
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ieeiBt  Ma^^aed  with  tnmiimntatioiig,.  Water,  wiudi  m  a 
▼erj  ioid,  tatCefeflf  lalt,  abe  dumges  bj  hemi  into  Tapoar, 
which  is  ft  iOft  of  air,  and  hj  cold  iota  ice,  wfaidi  is  a  hacdy 
penndd,  brittle,  foaible  stone,  and  this  stone  returns  into 
water  by  heat,  and  rtipoar  retoma  into  water  hj  cold.  *  * 
Ami,  among  sodb  rarions  and  strange  transnmtations,  wbj 
may  not  nature  cbange  bodies  into  light,  and  l^;hft  into 
bodies?' 

Newton  has  here  seeming^  in  his  mind  the  emissiTB 
ihecfrj  of  light ;  hot  the  passages  might  be  applied  to  either 
theorj ;  the  analogy  he  saw  in  the  diange  of  state  of  matter, 
as  in  ice,  water,  and  yapoor,  with  the  hypothetic  change  into 
li^ht,  is  yery  striking,  and  would  seem  to  show  that  he  regard- 
ed the  change  or  transnratation  of  which  he  speaks  as  one 
analogous  to  the  known  changes  of  state,  or  consistence,  in 
ordinary  matter* 

The  difference  between  the  view  which  I  am  advocating 
and  that  of  the  ethereal  theory  as  generally  enunciated  is, 
that  the  matter  which  in  the  interplanetary  spaces  serves  as 
the  means  of  transmitting  by  its  undulations  light  and  heat,  I 
should  regard  as  possessing  the  qualities  of  ordinary,  or  as  it 
has  sometimes  been  called'  gross,  matter,  and  particularly 
weight ;  though,  from  its  extreme  rarefaction,  it  would  mani- 
fest these  properties  in  an  indefinitely  small  degree ;  whilst,  on 
tlio  surface  of  the  earth,  that  matter  attains  a  density  cognisa- 
ble by  our  moans  of  experiment, .  and  the  dense  matter  is 
itMclf,  in  groat  part,  the  conveyer  of  the  imdulations  in  which 
1h(;Ko  ng(;nts  consist.  Doubtless,  in  very  many  of  the  forms 
which  matter  assumes  it  is  porous,  and  pervaded  by  more 
volatile  ossenccB,  wliich  may  difFcr  as  much  in  kind  as  matter 
dooH.  In  thcHO  cases  a  composite  medium,  such  as  that  indi- 
cia t(Ml  by  Dr.  Young,  would  result ;  but  even  on  such  a  suppo- 
pition,  the  denser  matter  would  probably  exercise  the  more 
iiii[)or(ant  influence  on  the  undulations.  Betuming  to  the 
aewhat  strained  hypothesis,  that  the  particles  of  dense 
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•till  a  certain  depth  or  thickacss  of  sucli  solid  would  in'oscnt 

jvery  point  of  apaco  a  parlicto  or  rock  in  the  successive 

Iprogresa  of  a  wave,  wliich  particles,  to  carry  on  tho  move- 

ent,  muat  vibrate  in  unison  with  it. 

At  the  utmost,  our  assuniption,  on  the  one  baud,  b  thai 

i  uriierever  light,  heat,  Ac.,  oiiat,  ordinary  matter  exists,  though 

it  may  be  so  attenuated  that  vio  cannot  recognise  it  by  tho 

Beta  of  other  forces,  such  ea  gravitation,  and  that  to  the  cx- 

jiLility  of  matter  no  limit  can  be  assigned.     On  the  other 

|2iand,  a  specific  matter  without  freight  must  be  assuuiod,  of 

i  existeuco  of  wliieh  there  is  no  evidence,  but  in  the  phe- 

a  for  the  explanation  of  which  its  existence  is  supposed. 

To  accoimt  for  the  phenomena  tho  ether  is  assumed,  and  lo 

tyrove  tho  cxisteuce  of  tlio  ether  the  phenomena  are  cited, 

liCor  these  reasons,  and  others  above  given,  I  think  that  the 

iBumplion  of  the  universality  of  ordinary  mutter  ia  the  least 

K^ntuitous. 


A.  question  has  often  occurred  to  me  and  possibly  to  oth- 

;  Is  the  continuance  of  a  luminous  impulse  in  the  inter- 

metary  spaces  perpetual,  or  does  it  after  a  certain  distance 

asipatc  itself  and  become  lost  aa  light — I  do  not  mean  by 

i  divergence  directly  as  the  squares  of  the  distances  it 

ravels,  but  does  the  physical  impulse  itself  lose  force  as  it 

eeds?     Upon  tho  view  I  have  advocated,  and  indeed 

a  any  undulal«ry  hypothesis,  there  must  be  some  resist- 

)  to  its  progress ;  and  unless  tlie  matter  or  ether  in  the 

Interplanetary  spaces  be  infmitely  elastic,  and  there  bo  do 

toral  action  of  a  ray  of  light,  there  must  be  some  loss. 

lat  it  is  exceedingly  minute  is  proved  by  the  distance  light 

Is.     Stars  whose  parallax  is  afccerlained  are  at  such  a 

moe  from  the  earth  that  their  light,  travelling  at  the  rate 

r  102,500  miles  in  a  second,  takes  more  than  ton  years  to 
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readt  the  eardi ;  so  fluii  wo  see  flmii  as  tbej  esdrted  ten 
yean  ago.  The  distance  of  inoetTiaiMe  staniaprobaliljfiff 
greater  than  this,  and  yet  their  hriDianee  is  great,  and  m» 
creases  when  their  rays  are  coDecced  by  the  telescope  in  pro* 
portion  ceteris  partbus  to  the  area  of  the  ohject^^^aas  or  qpeo- 
nlnm.  There  is,  however,  an  argoment  of  a  somewhat  qpeo- 
nlative  character,  by  wfaidi  VifjtA  would  seem  to  be  lost  or 
transformed  into  some  other  finroe  in  the  interplanetaiy  qpaeea. 

Every  increase  of  spaoe-penetraiing  power  in  the  tele* 
scope  gives  ns  a  new  field  of  TisiMe  stars.  If  this  eipanaon 
of  the  stellar  nniverse  go  on  indefinitely  and  no  Uf^  he  lost, 
then,  assmning  the  fixed  stars  to  be  of  an  average  eqnal 
brightness  with  oar  son,  and  no  1«^  lost  other  than  by  divei!^ 
gence,  the  ni^  oogfai  to  be  eqoally  Inminoas  with  the  day ; 
for  though  the  light  from  each  point  diminishes  in  intensifj 
as  the  square  of  the  distance,  the  number  of  luminous  points 
would  fill  up  the  whole  space  around  us ;  and  if  every  point 
of  space  is  occupied  by  an  equally  brilliant  point  of  li|^  the 
distance  of  the  points  becomes  immaterial.  The  loss  of  h^ 
intercepted  by  stellar  bodies  would  make  no  difierence  in  the 
total  quantity  of  light,  for  eadi  of  these  would  yield  firam  its 
own  self-luminosity  at  least  as  much  lig^  as  it  intereepted. 
Light  may,  however,  be  intercepted  by  opaque  bodies,  sodi 
as  planets ;  but,  making  every  allowance  for  these,  it  is  diffi- 
cult to  understand  why  we  get  so  little  li^t  at  ni^  firom  the 
stellar  universe,  without  assuming  that  some  light  is  lost  in  its 
progress  through  space— not  lost  absolutely,  for  that  would  be 
an  annihilation  of  force — but  converted  into  some  other  mode 
of  motion. 

It  may  be  objected  that  this  hypothesis  assumes  the  stel- 
lar universe  to  be  illimitable :  if  pushed  to  its  extreme  so  as 
to  make  the  light  of  night  equal  that  of  day,  provided  no 
stellar  light  be  lost,  it  does  make  this  assumption ;  but  even 
this  is  a  far  more  rational  assumption  to  make  than  that  the 
stellar  universe  is  limifted*    Our  experience  gives  no  indicar 
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lion  of  a  limit ;  each  improvement  in  telescopic  power  gives 
us  nen'  realms  of  stara  or  of  nebulse,  wliich,  if  not  stellar 
clusicrs,  are  at  all  events  aell'-laminoua  matter;  and  if  we  aa- 
Bunio  a  limit,  what  ia  it?  We  cannot  conceive  a  physical 
boundary,  for  then  immediately  comes  the  question,  what 
bounds  the  boundary?  and  to  auppoao  the  alollar  nniverse  to 
be  boanded  by  infinite  space  or  by  infinite  cbaos,  that  is  to 
say,  lo  suppose  a  spot — for  it  would  then  bfcomo  so — of  mul- 
ler  in  definilc  forms,  with  definite  forces,  and  probably  teem- 
ing with  definite  organic  beings,  plunged  in  a  universe  of 
nothing,  ia  to  my  mind  at  least  far  more  unphilosopliical  than 
to  suppose  a  bonndless  nnivcrso  of  matter  existing  in  forms 
and  actions  analogous  to  those  which,  as  far  as  our  esamina- 
tion  goes,  pervade  specc.  But  without  speculating  on  topics 
in  which  the  mind  loses  itself,  it  may  not  unreasonably  bo 
ospecled  that  a  greater  amount  of  light  would  reach  ua  from 
the  surrounding  seli-luminous  spheres  were  not  some  portion 
lost  as  light,  by  its  action  on  the  medium  which  conveys  the 
impalses.  What  force  this  bccomea,  or  what  it  effects,  it 
L,«ould  be  idle  to  speculate  upon. 


VI.— MAGNETISM. 

MAGNETISM,  as  was  proved  by  the  important  disoor- 
ery  of  Faraday,  will  produce  dectricUyj  but  with  thia 
peculiarity — that  in  itself  it  is  static ;  and,  therefore,  to  pro- 
duco  a  dynamic  force,  motion  must  be  superadded  to  it :  it  is, 
in  fact,  directive,  not  motive,  altering  the  direction  of  other 
forces,  but  not,  in  strictness,  initiating  them.  It  is  difficult 
to  convey  a  definite  notion  of  the  force  of  magnetism,  and  of 
the  mode  in  which  it  affects  other  forces.  The  following  il- 
lustration may  give  a  rude  idea  of  magnetic  polarity.  Sup- 
pose a  number  of  wind-vanes,  say  of  the  shape  of  arrows, 
with  the  spindles  on  which  they  revolve  arranged  in  a  row, 
but  the  vanes  pointing  in  various  directions :  a  wind  blowing 
from  the  same  point  with  an  uniform  velocity  will  instantly 
arrange  these  vanes  in  a  definite  direction,  the  arrow-heads 
or  narrow  parts  pointing  one  way,  the  swallow-tails  or  broad 
parts  another.  If  they  be  delicately  suspended  on  their  spin- 
dles, a  very  gentle  breeze  will  so  arrange  them,  and  a  very 
gentle  breeze  will  again  deflect  them ;  or,  if  the  wind  cease, 
and  they  have  been  originally  subject  to  other  forces,  such  as 
gravity  from  unequal  suspension,  they  will  return  to  irregu- 
lar positions,  themselves  creating  a  slight  breeze  by  their  re- 
turn. Such  a  state  of  things  will  represent  the  state  of  the 
molecules  of  soft  iron ;  electricity  acting  on  them — not  indeed 
in  straigfat  linos,  but  in  a  definite  direction — ^produces  a  polar 


^inent,  whidi  they  will  lose  as  aooo  as  tlio  dynamic  in- 

i;  force  ia  removed. 

jt  na  now  suppose  tbe  vanca,  inslcad  of  turning  easily, 
to  be  more  atiflly  fixed  to  the  aslcs,  so  as  to  be  tumod  with 
difficulty  !  it  will  require  a  Stronger  wind  lo  move  them  and 
airango  them  definitely  ;  but  when  bo  arranged,  they  will  re- 
tain their  position  ;  and  should  a  gentle  breeze  spring  up  in 
snolber  direction,  it  will  not  alter  their  position,  but  will  it- 
self bo  definitely  doQected.  Should  tbo  conditions  of  force 
Bud  stability  be  intermediate,  both  the  breeze  and  the  vanes 
will  bo  slightly  deflected  ;  or,  if  there  bo  no  breeze,  and  tlie 
(pindlcs  be  all  moved  in  any  direction,  preserving  their  linear 
relation,  they  will  themselvca  create  a  breeze.  Thn.s  it  is 
with  the  molecules  of  hard  iron  or  steel  in  permanent  mag- 
nets ;  they  are  polarised  wilh  greater  dilficulty,  but,  when  so 
polarised,  they  cannot  be  affoclcd  by  a  feeble  current  of  elec- 
tricity. Again,  if  the  magnets  bo  moved,  they  thomselvca 
original*  a  cnrreDl  of  electricity;  and,  lastly,  the  magnetic 
polarity  and  the  electric  current  may  be  both  mutually  af- 
fected, if  ihu  degrees  of  motion  and  stability  be  iQlemiediate, 
The  above  ioalance  will,  of  course,  bo  taken  only  as  an 
l^proximation,  and  not  as  binding  me  to  any  closer  analogy 
than  is  generally  expected  of  a  mechanical  illustration.  It 
is  difficult  to  convoy  by  words  a  definite  idea  of  the  dual  or 
■atiilietic  character  of  force  involved  in  the  term  polarity. 
The  illustration  I  have  employed  may,  I  hope,  somewhat  aid 
Id  elucidating-  the  manner  in  which  magnetism  acta  on  the 
4Mhor  dynamic  forces  ;  i.  e.,  definitely  directing  them,  but  not 
fniliating  them,  except  while  in  motion. 

Magnets  bting  rooved  in  tlio  direction  of  lines,  joining 
their  poles,  produce  electrical  caircnt^  in  such  neighbouring 
'  ttodies  as  are  conductors  of  electricity,  in  directions  trous- 
TCrse  to  the  line  of  motion  ;  and  if  the  direction  of  motion 
,'Or  tbe  position  of  the  magnetic  poles  bo  reversed,  tbe  current 
of  electricity  Qows  in  a  reverse  direction.     So  if  the  magnet 
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be  stationary,  conducting  bodies  moved  across  any  of  the 
lines  of  magnetic  force,  i.  e.  lines  in  the  direction  of  which 
the  mutual  action  of  the  poles  of  the  magnet  would  place 
minute  portions  of  iron,  have  currents  of  electricity  devel- 
oped in  them,  the  direction  of  which  is  dependent  upon  that 
of  the  motion  of  the  substance  with  reference  to  the  magnetic 
poles.  Thus,  as  bodies  affected  by  an  electrical  current  are 
definitely  moved  by  a  magnet  in  proximity  to  them,  so  con- 
versely bodies  moved  near  a  magnet  have  an  electrical  cur- 
rent developed  in  them.  Magnetism  can,  then,  through  the 
medium  of  electricity,  produce  heatj  light,  and  chemical  affin^ 
ity.  Motion  it  can  directiy  produce  under  the  above  condi- 
tions ;  i.  e.  a  magnet  being  itself  moved  will  move  other  fer- 
reous  bodies :  these  wiU  acquire  a  static  condition  of  equilib- 
rium, and  be  again  moved  when  the  magnet  is  also  moved. 
By  motion  or  arrested  motion  only,  could  the  phenomena  of 
magnetbm  ever  have  become  known  to  us.  A  magnet,  how- 
ever powerful,  might  rest  for  ever  unnoticed  and  unknown, 
unless  it  were  moved  near  to  iron,  or  iron  moved  near  to  it, 
so  as  to  come  within  the  sphere  of  its  attraction. 

But  even  with  other  than  either  magnetic  or  electrified 
substances,  all  bodies  wiU  be  moved  when  placed  near  the 
poles  of  very  powerful  magnets — some  taking  a  position  ax- 
ially,  or  in  the  line  from  pole  to  pole  of  the  magnet ;  others 
equatorially,  or  in  a  direction  transverse  to  that  line — ^the 
former  bein^  attracted,  the  latter  apparently  repelled,  by  the 
poles  of  the  magnet.  These  effects,  according  to  the  views 
of  Faraday,  show  a  generic  difference  between  the  two 
classes  of  bodies,  magnetics  and  diamagnctics ;  according  to 
others,  a  difference  of  degree  or  a  resultant  of  magnetic  ac- 
tion ;  the  less  magnetic  substance  being  forced  into  a  trans- 
verse position  by  the  magnetisation  of  the  more  magnetic 
mediuni  which  surroimds  it. 

According  to  the  view  given  above,  magnetism  may  be 
Inced  by  the  other  forces,  just  as  the  vanes  in  the  instance 
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givea  aM  definitely  deflected,  bat  cannot  produce  Uiem  except 
vhea  in  motion ;  motion,  therefore,  is  to  be  regarded  in  this 
eaaa  as  the  initiative  force.  Magnetism  will,  huwcTer,  di- 
rectly affect  the  other  forces — ^light,  heat,  and  choraical  affin- 
ity, and  change  their  direction  or  mode  of  action,  or,  at  all 
eventa,  will  so  affect  matter  subjected  to  theao  forces,  that 
■  tlicir  direciion  is  changed.  Since  these  lectures  were  deliv- 
ered, Faraday  has  discovered  a  remarkable  effect  of  the  maj^ 
nelic  force  in  occasioning  the  deflection  of  a  ray  of  pohirised 
light. 

If  a  ray  of  polarised  light  paaa  through  water,  or  through 
auy  transparent  liquid  or  solid  which  does  not  alter  or  turn 
aside  the  plane  of  polarisation,  and  tlic  column,  say  of  water, 
through  which  it  passes  bo  subjected  to  the  action  of  a  pow- 
erful magnet,  the  line  of  magnetic  force,  or  that  which  would 
miile  the  poles  of  the  magnet,  being  in  the  some  direction  as 
the  ray  of  polarised  lighl,  the  waler  acquires,  with  reference 
to  the  light,  similar,  though  niit  quite  identical,  properties  to 
oil  of  turpentine — the  piano  of  polarisation  is  rotated,  and 
the  direction  of  this  rotation  is  changed  by  changing  the  di- 
rection of  the  magnetic  force :  thus,  if  we  suppose  a  polar- 
ised ray  to  poas  first  in  its  course  the  north  pole  of  the  mag- 
net, then  between  that  and  the  south  polo  it  will  be  deflected, 
'  or  carved  to  the  right ;  while  if  it  meets  the  south  pole  first 
in  its  course,  it  will,  in  its  journey  between  that  and  the  north 
pole,  be  turned  to  the  left.  If  the  substance  through  which 
Uio  ray  ia  transmitted  be  of  itself  capable  of  deflecting  the 
plane  of  polarisation,  as,  for  instance,  oil  of  turpentine,  then 
Uie  magnetic  influence  will  increase  or  diminish  this  rotation, 
according  to  its  direction.  A  similar  effect  to  this  is  observed 
with  polarised  heat  when  the  medium  through  which  it  is 
transmitted  is  subjected  to  magnetic  influence. 

Whether  this  effect  of  magnetism  ia  rightly  termed  an  ef- 
fect upon  light  and  bout,  or  is  a  molecular  change  of  the  mat- 
ter transmitting  the  light  and  heat,  is  a  question  the  rcsolu- 
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tion  of  which  most  be  left  to  the  fbture ;  at  present,  the 
swcr  to  it  would  depend  upon  the  theory  we  adopt.  If  tlie 
view  of  light  and  heat  which  I  have  stated  be  adopted,  then 
wc  m&y  fairly  say  that  magnetism,  in  these  experiments,  di- 
rectly affects  the  other  forces ;  for  light  and  heat  being,  ae> 
cording  to  that  view,  motions  of  ordinary  matter,  magnetism, 
in  affecting  these  moTcments,  affects  the  forces  which  ooc»> 
sion  them.  If,  howerer,  the  other  theories  be  adhered  to,'  it 
would  be  more  consistent  with  the  facts  to  view  these  results 
as  exhibiting  an  action  npon  the  matter  itself,  and  the  heat 
and  light  as  secondarily  affected. 

When  substances  are  undergoing  chemical  changes,  and  a 
magnet  is  brought  near  them,  the  direction  or  lines  of  action 
of  the  chemical  force  will  be  changed.  There  are  many  old 
experiments  which  probably  depended  on  this  effect,  but 
wliicli  were  erroneously  considered  to  prove  that  permanent 
magnetism  could  produce  or  increase  chemical  action :  these 
have  recently  been  extended  and  explained  by  Mr.  Hunt  and 
Mr.  Wartniann,  and  are  now  better  understood. 

The  above  cases  arc  applicable  to  the  subject  of  the  pres- 
ent Essay,  inasmuch  as  they  show  a  relation  to  exist  between 
magnetic  and  the  other  forces,  which  relation  is,  in  all  proba- 
bility, reciprocal ;  but  in  these  cases  there  is  not  a  production 
of  light,  heat,  or  chemical  affinity,  by  magnetism,  but  a  change 
in  their  direction  or  mode  of  action. 

There  is,  however,  that  which  may  be  viewed  as  a  dy- 
namic condition  of  magnetism ;  i.  e.  its  condition  at  the  com- 
mencement and  the  termination,  or  during  the  increment  or 
decrement  of  its  development.  While  iron  or  steel  is  being 
rendered  magnetic,  and  as  it  progresses  from  its  non-magnetic 
to  its  T"f^y^Tmim  magnetic  slate,  or  recedes  fronvts  maximum 
to  zero,  it  exhibits  a  dynamic  force  ;  the  molecules  are,  it 
may  be  inferred,  in  motion.  Similar  effects  can  then  be  pro- 
luced  to  those  which  are  produced  by  a  magnet  whilst  in  mo* 
ion. 
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experiment  which  I  published  in  1845  tends,  I  think 
to  illustrate  this,  and  in  eomo  degree  to  ahovr  tho  character 
of  the  motion  impressed  upon  the  molecules  of  a  majS^netic 
tDelaJ  at  the  period  of  magnetisation.  A  tube  filled  with  tlie 
liquid  in  trbich  magnetic  oxide  of  iron  had  been  prepared, 
sod  terminated  at  each  end  hj  platcB  of  glass,  is  smTOundod 
liy  a  coil  of  coated  wire.  To  a  spectator  looking  through  thia 
tube  a  flash  of  light  is  perceptible  whenever  the  coil  is  elec- 
trised, and  less  light  is  transmitted  when  the  electrical  current 
ceases,  showing  a  symmetrical  arrangement  of  the  minute 
particles  of  magoetic  oxide  while  under  tlie  magnetic  in- 
fli&uee. 

In  this  experiment  it  should  be  borne  in  mind,  that  the 

■particles  of  oxide  of  iron  are  not  slmped  by  (he  hand  of  man, 

would  be  the  case  with  iron  filings,  or  similar  minute  por- 

Ibms  of  magnetic  matter,  but  being  chemically  precipitated, 

Kre  of  the  form  given  to  them  by  nature. 

While  magnetism  is  in  the  state  of  change  above  dcaeribcd, 
It  will  prodnco  the  other  forces  ;  but  it  may  be  sud,  while 
iUBgnetism  is  thus  progressive,  some  other  force  ia  acting  on 
'.It,  and  therefore  it  does  not  initiate:  this  is  true,  but  ihe 
tame  may  bo  said  of  all  tbe  other  forces ;  they  have  no  com- 
meucemont  that  we  can  trace.  We  must  ever  refer  them 
back  to  some  antecedent  force  equal  in  amount  to  that  pro- 
duced, and  therefore  the  word  iuitialion  cannot  in  strictness 
apply,  but  muat  only  be  taken  as  signifying  the  force  selected 

the  first:  this  b  another  reason  why  the  idea  of  abstract 
iisation  is  inapplicable  to  physical  production.  To  thia 
point  I  shall  again  advert. 

Eleetricity  may  tlius  be  produced  directly  by  magnetism, 
rither  when  the  m^net  as  a  mass  is  in  motion,  or  when  its 
agnetiam  is  commencing,  increasing,  decreasing,  or  ceasing ; 
Md  heat  may  similarly  bo  directly  produced  by  magnetism. 
f.t  have,  since  the  first  edition  of  this  Essay  was  pubUahed, 
oommunicated  U  the  Royal  Society  a  paper  by  which  I  tliink 


'ir**v»i 


■■  ■*■ —  * 


'••m^t 


:zr^ai 


_■  •       • 


-^    UM 


«       -.— 


11      1^1:     1-   I" 


•  k* 


.  J ,' 


y  i 


.? 


i««i    .;.!«/  .  « *Ji.'  f    Ai,',:.  1;.':  mit'/zj.*.  is  ii.  LiC':;;':i.  or  when  the 
H^h*  tit  titu  iinty  i«  Mkf'j'iuyt^^  nil!  uLso  direc;lv  produce  chcmi« 


MAGNITIBM, 


149 


cat  afGnitj  &nd  light,  tliongh,  up  to  the  prcsest  time,  such  liaa 
not  been  proved  to  be  the  case  ;  the  reciprocal  effect,  also,  of 
the  direct  production  of  magoetism  by  light  and  heat  has  not 
yet  been  experimentally  catabliahcd. 

I  have  used,  in  controdiatiDCtion,  the  terma  dynamic  and 
static  to  represent  the  different  states  of  naagnetism.  The 
applications  I  have  made  of  these  tcims  maybe  open  to  some 
ercoption,  but  I  know  of  no  other  words  which  will  bo  nearly 
express  my  meaning. 

The  static  condition  of  magnetism  resembles  the  static 
condition  of  other  forces :  euch  as  the  state  of  tension  exist- 
ing in  the  beam  and  a  cord  of  a  balance,  or  in  a  charged 
Leyden  phiol.  The  old  definition  of  force  was,  that  which 
caused  change  in  motion ;  and  yet  even  this  definition  pre- 
senia  a  difficulty :  in  a  cose  of  static  equilibrinm,  aach,  for 
instance,  as  that  which  obtains  in  the  two  arms  of  a  balance, 
we  get  the  ideaof  force  without  any  palpable  apparent  mo  lion  : 
whether  there  be  really  an  absence  of  motion  may  bo  a  doubt- 
fill  question,  as  such  absence  would  involve  in  this  case  per- 
fect elosticily,  and,  in  all  olher  cases,  a  stability  which,  in  a 
long  coarse  of  (imo,  nature  generally  negatives,  showing,  as 
I  bctiove,  an  inseparable  comicclion  of  motion  with  matter, 
and  on  impossibtlily  of  a  perfectly  immobile  or  durable  state. 
So  with  magnetism:  I  believe  no  magnet  can  exist  in  an 
absolutely  stable  state,  thongh  the  duration  of  its  stability 
will  be  proportionate  to  its  original  resistance  to  assuming 
u  jtolarised  condition.  This,  however,  must  be  taken  merely 
as  a  matter  of  opinion  :  we  have,  in  support  of  it,  the  general 
facta  tbat  magnets  do  deteriorate  in  the  course  of  years;  aud 
we  have  tho  further  general  fact  of  the  instability,  or  finxionol 
Btntc,  of  all  nature,  when  we  have  an  opportunity  of  fairly 
investigating  it  at  difTercnt  and  rcmolo  periods :  in  many 
cases,  however,  tho  action  is  so  slow  that  the  changes  escape 
human  observation,  and,  until  this  can  bo  brought  to  bear 
over  a  proportionate  period  of  time,  the  proposition  cannot  be 
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said  to  be  experimentally  or  indnctivelj  proved,  but  most  be 
left  to  the  mental  conviction  of  those  who  examine  it  by  the 
light  of  already  acknowledged  tads. 

All  cases  of  static  force  present  the  same  difficulty :  thus, 
two  springs  pressing  against  each  other  wonld  be  said  to  be 
exercising  force ;  and  yet  there  is  no  resulting  action,  no  heat, 
no  light,  &c. 

So  if  gas  be  compressed  by  a  piston,  at  the  time  of  com- 
pression heat  is  given  off;  but  when  this  is  abstracted, 
although  the  pressure  continues,  no  further  heat  is  eliminated* 
Thus,  by  an  equilibrium  produced  by  opposing  forces,  motion 
is  locked  up,  or  in  abeyance,  as  it  were,  and  may  be  again 
developed  when  the  forces  are  relieved  from  the  tension. 
But  in  the  first  instance,  in  producing  the  state  of  tension, 
force  has  to  be  employed ;  and  as  we  have  said  in  treating  of 
mechanical  force,  so  with  the  other  forces  the  original  change 
which  disturbs  equilibrium  produces  other  changes  which  go 
on  without  end.  Thus,  by  the  act  of  charging  a  Leyden 
phial,  the  cylinder,  the  rubber,  and  the  adjoining  portions  of 
the  electrical  nxachine  have  each  and  all  their  states  changed, 
and  thence  produce  changes  in  surrounding  bodies  ad  infini^ 
turn  ;  when  the  jar  is  discharged,  converse  changes  are  again 
produced. 

As  with  heat,  light,  and  electricity,  the  daily  accumulating 
observations  tend  to  show  that  each  change  in  the  phenomena 
to  which  these  names  are  given  is  accompanied  by  a  change 
cither  temporary  or  permanent  in  the  matter  affected  by  tliem ; 
so  many  recent  experiments  on  magnetism  have  connected 
ma^ctic  i)henomcna  with  a  molecular  change  in  the  subject 
matter.  Thus  M.  Wertheim  has  shown  that  the  elasticity  of 
iron  and  steel  is  ahcred  by  magnetisation  ;  the  co-efficient  of 
chisticity  in  iron  being  temporarily,  in  steel  permanently 
diminished. 

He  has  also  examined  the  effects  of  torsion  upon  magnet* 
ised  iron,  and  concludes,  from  his  experiments,  that  in  a  bar 
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of  iron  arrived  at  aetote  of  magnetic  eqmlibrinin,  tfimporar; 
torsion  dinunishes  tko  mngncliiiin,  and  tltat  tlie  untwialing  ot 
rclurn  to  its  prinutivo  stale  restores  the  original  degree  ol 
maijnetisation. 

M.  Gnillemia  observed  that  a.  bar  slightly  curved  by  its 
own  weight  is  straiglilencd  by  being  magnetised.  Mr.  Page 
and  Mr.  Marrion  discovered  lliat  a  sound  is  emitted  when 
iron  or  steel  is  rapidly  mugnetiscd  or  demagnctJBed ;  and  Mr. 
Joule  found  that  a  bar  ol'  iron  is  slightly  elongated  by  mag- 
netisation. 

Again,  with  regard  lo  diamagnetic  bodies,  M.  Mattencd 
found  that  tlio  mechanieal  compression  of  gloss  altered  the 
rotatory  power  upon  a  ray  of  polarised  light  whieh  it  trana- 
mitted.  Ue  further  considered  that  a  change  took  place  in 
the  temper  of  portions  of  glass  which  he  submiltcd  to  the  in- 
daonco  of  powcrflil  magnets. 

The  same  argumcnU  which  have  been  Bubmittod  to 
tlio  reader  ad  to  the  other  afieclions  of  matter  being  modes 
of  molecular  motion,  are  therefore  equally  applicable  to  mag- 
ueliflm. 


Vn.— CHEMICAL  AFFmiTT. 

CHEMICAL  AFFINITY,  or  the  force  by  irbidi  diwmi. 
lar  bodies  tend  to  unite  and  form  oomponndB  difiering 
generally  in  character  from  their  constituents,  is  that  mode  of 
force  of  which  the  human  mind  has  hitherto  formed  the  least 
definite  idea.  The  word  itself — affinit}f — is  ill  chosen,  its 
meaning,  in  this  instance,  bearing  no  analogy  to  its  ordinary 
sense  ;  and  the  mode  of  its  action  is  conveyed  by  certain  con- 
yentional  expressions,  no  dynamic  theory  of  it  worthy  of 
attention  having  been  adopted.  Its  action  so  modifies  and 
'  alters  the  character  of  matter,  that  the  changes  it  in- 
duces have  acquired,  not  perhaps  very  logically,  a  generic 
contradistinction  from  other  material  changes,  and  we 
thus  use,  as  contradistinguished,  the  terms  physical  and 
chemical. 

The  main  distinction  between  chemical  affinity  and  physi- 
cal attraction  or  aggregation,  is  the  difference  of  character  of 
the  chemical  compound  from  its  components.  This  is,  how- 
ever, but  a  vague  line  of  demarcation ;  in  many  cases,  which 
would  bo  classed  by  all  as  chemical  actions,  the  diange  of 
character  is  but  slight ;  in  others,  as  in  the  effects  of  neutrali- 
sation, the  difference  of  character  would  be  a  result  which 
would  equally  follow  from  physical  attraction  of  dissimilar 
substances,  the  previous  characters  of  the  constituents  depend- 
ing  upon  this  very.attraction  or  affinity :  thus  an  add  corrodes 
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because  it  tenda  to  unite  with  another  body ;  when  united, 
ilB  corrosive  power,  i.  e.  its  tendency  to  unite,  being  ealiatcd, 
it  cannot,  ao  to  speak,  bo  further  attracted,  and  it  ncccsaarily 
loaea  its  corrosive  power.  But  there  are  other  cases  wUora 
no  such  result  could  d  jirioi-i  be  anlicipaled,  aa  where  the 
attraction  or  combining  tendency  of  tho  compound  is  higher 
than  that  of  its  constituents:  tbna,  who  could,  by  physical 
reasoning,  anticipate  a  subslanco  like  nitric  acid  from  the 
combination  of  nitrogen  and  oxygen? 

The  nearest  approach,  perhaps,  that  we  can  form  to  a 
(comprehension  of  t;hemical  action,  is  by  regarding  it  (vaguely 
perhaps)  as  a  molecular  attraction  or  motion.  It  will 
directly  produce  motion  of  definite  mosses,  by  tlio  resultant 
of  the  molecular  changes  it  induces :  thus,  the  projectile 
effects  of  gunpowder  may  be  cited  aa  familiar  inslaacca  of 
motion  produced  by  chemical  action.  Jt  may  be  a  question 
whether,  in  this  case,  the  force  which  occasions  the  motion 
of  the  mass  is  a  coavereion  of  the  force  of  chemical  aflinity, 
or  whether  it  is  not,  rather,  a  liberation  of  other  forces  exist- 
ing in  a  stale  of  static  equilibrium,  and  having  been  brought 
into  such  state  by  previous  cbemical  actions ;  but,  at  all 
events,  through  the  medium  of  electricity  chemical  affinity 
may  be  directly  and  quantitatively  converted  into  the  otber 
modes  of  force.  By  chemical  afllnily,  then,  wo  can  directly 
produce  eUdricUy;  this  latter  force  was,  indeed,  said  by 
Davy  to  be  chemical  affinity  acting  on  masses :  it  appears, 
rather,  to  bo  chemical  affinity  acting  in  a  definite  direction 
through  a  chain  of  particles ;  but  by  no  definition  can  the 
exact  relation  of  chemical  affinity  and  electricity  be  expressed  ; 
for  the  latter,  however  closely  related  to  the  former,  yet  exists 
where  the  former  does  not,  as  in  a  metallic  wire,  which  when 
electrified,  or  conducting  electricity,  is,  nevertheless,  not 
chemically  altered,  or,  at  least,  not  known  to  be  cheiuically 

ultCTCd. 

Volla,  the  antitype  of  From^thcus,  first  enabled  ns  de 
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AniUly  to  relate  the  forcee  of  cliemiatiy  and  etectrici^. 
When  two  disaimilar  metals  in  contact  are  immened  io  a 
liquid  belonging  to  a  certain  class,  and  capable  of  acting 
chomically  on  one  of  them,  what  is  termed  a  Toltaic  orcnit'is 
formed,  and,  by  the  chemical  action,  that  peculiar  mode  of 
force  called  an  electric  current  is  generated,  which  circnlates 
fh>m  metal  to  metal,  across  the  liquid,  and  throng  the  points 
of  contact. 

Let  ns  take,  as  an  instance  of  the  conversion  of  chemical 
force  into  electrical,  the  following,  which  I  made  known  some 
years  ago.  If  gold  bo  immersed  in  hydrochloric  acid,  no 
chemical  action  takes  place.  If  gold  be  immersed  in  nitric 
add,  no  chemical  action  takes  place  ;  but  mix  the  two  adds, 
and  the  imraorsed  gold  ia  chemically  attacked  and  dissolved : 
(his  an  in  onli  nary  chemical  action,  the  result  of  adonblc  chemi- 
cal affinity.  In  hydrochloric  acid,  which  Is  composed  of 
chlorine  and  hydrogen,  the  affinity  of  chlorine  for  gold  being 
less  than  ila  affinity  for  hydrogen,  nq  change  takes  place  ;  bat 
when  the  nitric  acid  is  added,  this  latter  containing  a  great 
quantity  of  oxygen  in  a  state  of  feeble  combination,  the 
alTiuity  of  oxygen  for  hydrogen  opposes  that  of  hydrogen  for 
chlorine,  and  then  the  affinity  of  the  latter  for  gold  ia  enabled 
to  act,  the  gold  combines  with  the  chlorine,  and  chloride  of 
gold  remains  in  solution  in  the  liquid.  Xow,  in  order  to 
eichibit  this  chemical  force  in  the  form  of  electrical  force, 
instead  of  mixing  the  liquids,  place  them  in  separate  vcascls 
or  compartments,  but  so  that  they  may  be  in  contact,  which 
may  be  elfected  by  having  a  porous  material,  such  as  un- 
glazcd  porcelain,  amianthuB,  &c.,  between  them.  Immerse  in 
each  of  these  liquids  a  strip  or  wire  of  gold :  aa  long  as  these 
pieces  of  gold  remain  separntcd,  no  chemical  or  electrical 
effect  takes  place ;  but  the  inslant  they  arc  brought  into 
metallic  contact,  either  immediately  or  by  connecting  each 
with  the  aame  metallic  wire,  chemical  action  takes  place — 
the  gold  in  the  hydrochloric  acid  b  dissolved,  electrical  action 
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alao  Uti^S  place,  Uio  nitric  acid  ia  deoxidised  by  ihe  trans- 
ferred hydrogen,  and  a  current  of  electricity  may  be  dutecled 
in  tlie  metals  or  coanecting  metal  by  the  application  of  a  gal 
manometer  or  any  isstnuoent  appropriate  for  detecting  such 
offoct. 

There  are  few,  if  nay,  chemical  actions  which  cannot  be 
experimentally  made  to  produce  electricity :  the  oxidation  ol 
metala,  Ibe  burning  of  combuBl  ibies,  the  eombinatioD  of  oxy 
gen  and  hydrogen,  &.C.,  may  all  be  made  sources  of  elee 
Iricity.  The  common  mode  iu  which  the  electricity  of  the 
Toltaic  battery  is  generated  is  by  the  chemical  action  of  water 
upon  zinc;  this  action  is  increased  by  adding  cerlain  acids  to 
(ho  Trater,  which  emible  it  to  act  more  powerfully  upon  the 
zinC)  or  in  some  cases  act  thcmsclros  upon  it ;  and  one  of  the 
moat  powerful  cbomical  actions  known — that  of  nitric  acid 
upon  oxidable  metals — is  that  which  produces  the  most  pow- 
erful voltaic  battery,  a  combination  wliich  I  made  known  in 
the  year  1839 :  indeed,  we  may  safely  say,  that  when  the 
chemical  force  is  utilised,  or  not  wasted,  but  all  convorted  into 
electrical  force,  the  more  powerful  the  chemical  action,  the 
mora  powerfnl  is  the  electrical  action  which  results. 

If,  instead  of  employing  manufactured  products  or  edncts, 
BucU  as  »inc  and  acids,  we  could  realise  as  electricity  the 
whole  of  the  chemical  force  which  is  active  in  the  combustion 
of  cheap  and  abundant  raw  materials,  such  as  coal,  w€Jod,  fat, 
&e.,  with  air  or  water,  wo  should  obtain  one  of  tlie  greatest 
practical  desiderata,  and  have  at  our  comnuind  a  mechanical 
power  in  every  respect  superior  in  ils  opplicabiUty  to  tlio 
steam  engine. 

1  have  shown  that  the  flame  of  the  common  blowpipe  givea 
rise  to  a  very  marked  electrical  current,  capable  not  only  of 
affecting  the  galvanometer,  hut  of  producing  chemical  decom- 
position :  two  plates  or  coils  of  platinum  arc  placed,  the  one 
in  the  portion  of  Iho  flame  near  the  orifice  of  the  jot,  or  at 
the  poiala  whore  combustion  commences,  the  other  in  the  full 
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yellow  flame  wbers  combustion  is  at  iu  maximmn ;  tliia  latter 
ahodld  be  kept  cool,  to  eaable  a  thermoelectric  current,  which 
is  produced  hj  the  difierent  temperatore  of  the  platinum 
plates,  to  co-operate  with  the  flame  current ;  wires  aUadied 
to  the  plates  of  platinum  form  the  lerminala  or  poles.  B7  a 
raw  of  jets  a  flame  battery  may  be  formed,  yielding  increased 
effects ;  but  in  these  experiments,  though  theoretically  intei^ 
eating,  so  small  a  fraction  of  the  power,  actually  at  work  in 
the  combustion,  has  been  thrown  into  an  electrical  form,  that 
there  is  no  immediate  promise  of  a  practical  result. 

The  quanti^  of  the  electrical  current,  as  measured  by  the 
quantity  of  matter  it  acts  upon  in  its  difierent  phenomenal 
effects,  is  proportionate  to  the  qoanjity  of  chemical  action 
whidi  generated  it ;  and  its  intensity,  or  power  of  overcoming 
resistance,  is  also  pr<^rtionate  to  the  intensity  of  chemical 
affinity  when  a  single  voltaic  pair  is  omplojed,  or  to  the  num- 
ber of  reduplications  when  tbo  well-known  instmment  colled 
the  voltaic  battoi;  is  used. 

The  mode  in  which  the  voltaic  current  is  increased  iu  in- 
tensity by  these  reduplications,  is  in  itself  a  striking  instance 
of  the  mutual  relations  and  dynamic  analogies  of  difierent 
forces.  Let  a  plalo  of  rino  or  otker  metal  possessing  a  strong 
affinity  for  oxygen,  and  another  of  platinum  or  other  metal 
possessing  little  or  no  affinity  for  oxygen,  be  partially  im- 
mersed in  a  vessel,  A,  containing  dilute  nitric  acid,  but  not 
in  contact  with  cacb  other ;  let  platinum  wires  touching  each 
of  these  plates  have  their  extremities  immersed  in  another 
▼OBBcl,  B,  containing  also  dilate  nitric  acid :  as  the  acid  in 
Tosscl  A  is  decomposed,  by  the  chemical  affinity  of  the  zinc 
for  the  oxygen  of  the  acid,  the  acid  in  vessel  B  ia  also  decom- 
posed, oxygen  appearing  at  the  extremity  of  the  wire  which 
is  connected  with  the  platinum :  the  dicmicol  power  is  con- 
veyed or  transferred  through  the  wires,  and,  abstracting  ter- 
tmn  local  effects,  for  every  unit  of  oxygen  which  combines 
with  the  zinc  in  the  one  vessel,  a  unit  of  oxygen  is  evolved 
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from  the  plaliuum  wire  in  the  other.  Tlie  platinum  wire  i* 
tlms  thrown  into  a  condition  anologona  to  zinc,  or  hiis  a  pow 
er  given  to  it  of  determining  the  oxygen  of  the  liquid  lo  ila 
BDrfcice,  though  it  cannot,  as  ia  Uie  case  with  zinc,  com 
Lino  with  it  under  eintiJar  circumstances.  K  we  now  euLsti 
tale  for  the  platinum  wiro  which  woa  connected  with  the 
platinum  plate,  a  zinc  wire,  we  hare  in  addition  lo  the  dctei^ 
mining  tendency  by  which  t!io  platinum  waa  affected,  the 
cbemical  affinity  of  the  oxygen  in  vessel  B  for  llie  zinc  wire 
Ihna  we  have,  added  to  the  force  which  was  originally  pro- 
duced by  the  zinc  of  the  combination  in  veasel  A,  a  second 
force,  produced  by  the  zinc  in  vessel  B,  co-operating  with  the 
first ;  two  pairs  of  zinc  and  platinum  thus  connected  produce, 
tliercfore,  a  more  intense  elTuct  than  one  pair ;  and  if  wc  go 
on  adding  to  these  altcmalions  of  zinc,  platiaum,  aud  liquid, 
wc  obtain  an  indefinite  esaltation  of  chemical  power,  just  as 
in  mechanics  we  ohtain  accelerated  motion  by  adding  ireeb 
impulses  to  motion  already  generated. 

The  same  rule  of  proportion  wluc&  holds  good  in  cliemi- 
cal  combinations  also  obtains  in  electrical  effects,  when  these 
are  produced  by  chemical  actions.  Daltoa  and  others  proved 
that  the  constituents  of  a  vast  number  of  compound  substancua 
always  bore  a  definite  quantitative  relation  to  eachothor; 
Ihufl,  water,  which  consists  of  one  part  by  weight  of  hydro- 
gen united  to  eight  parts  of  oxygen,  cannot  be  formed  by  the 
same  elements  in  any  other  than  these  proportions ;  you  con 
neither  add  to  nor  Bubtract  from  the  normal  rutio  of  tho 
elements,  nitliout  entirely  altering  the  nature  of  the  com- 
pound. Further,  if  any  element  be  selected  as  unity,  the 
combining  ratios  of  other  elements  will  bear  an  invariable 
quantitative  relation  to  that  ond  to  each  other :  thus  if  hydro- 
gen be  chosen  as  1,  oxygen  will  Im  8,  chlorine  will  be  36  ; 
that  is,  oxygen  will  unite  with  hydrogen  in  the  proportion  of 
8  parts  by  weight  lo  1,  while  chlorine  will  unite  wilh  hydro- 
gen ID  the  proportion  of  36  to  1,  or  with  oxygen  in  the  pro- 
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portion  of  36  to  8.  Nnmbers  expressmg  their  oafmbiiiiiig 
w«ig]ite.  wLif  h  are  thus  relativey  not  abfic^ute,  maj  bj  a  ooa- 
v<;ritioual  assent  as  to  the  point  of  nnitr,  be  fixed  for  all  chemi* 
cal  rea;rents ;  and,  when  60  fixed,  it  will  be  found  that  bodiea, 
at  lea«t  in  inorganic  compoonds.  generallj  unite  in  those  pro- 
portionj!,  or  in  simple  multiples  of  them :  these  proportiona 
are  termed  EqutvalenU. 

Now  a  voltaic  battery,  which  consists  n^nallj  of  altema- 
tioDs  of  two  metals,  and  a  liquid  capable  of  acting  chemicallj 
upon  one  of  them,  has,  as  we  have  seen,  the  power  of  pro- 
ducinff  i*h(!mical  action  in  a  liquid  connected  with  it  by  metals 
U|K>n  whirh  thiij  liquid  is  incapable  of  acting :  in  such  case  the 
cfinHtitueutH  of  the  liquid  will  be  eliminated  at  the  surfaces  of 
the  iriiincrmrd  metuls,  and  at  a  distance  one  from  the  other. 
Kor  (ixarnplt*,  if  the  two  platinum  terminals  of  a  voltaic 
l>att<'ry  )ic  iuinicTHcd  in  water,  oxygen  will  be  evolved  at  ono 
and  liydrogiiii  at  the  other  terminal,  exactly  in  the  propor^ 
tJ<»iiH  ill  wU'u'U  tUay  form  water ;  while,  to  the  most  minute 
exainiiiatiDii,  no  ii^'iUm  U  perceptible  in  the  stratum  of 
liquiil.  It  wiirt  ktiowu  iM'Torn  i«'araday's  time  that,  while  this 
cliiimi<;al  lulitm  wiid  ^'tiiii^  «ii»  in  the  subjected  liquid,  a  chemi- 
cal action  wiw  yuUiii  n^  in  ih<!  cells  of  the  voltaic  battery  ; 
but  it  was  sciin*-!)^  if  ui  all  kn»iwn  that  the  amount  of  chemi- 
cal action  in  tiie  onu  lioro  a  constant  relation  to  the  amount 
of  action  in  the  other.  Karaday  proved  that  it  bore  a  direct 
equivalent  relation :  that  in,  supposing  the  battery  to  bo 
lormcd  of  zinc,  platinum,  and  water,  the  amount  of  oxygen 
^hUdi  united  with  the  zinc  in  eairli  cell  of  the  battery  was 
^V  equal  to  the  amount  evolved  at  the  one  platinum  ter^ 
while  the  hydrogen  evolved  from  each  platinum  plate 
battery  was  equal  to  the  hydrogen  evolved  from  the 
platinum  terminal. 

Tposing  the  batteiy  to  be  charged  with  hydrochloric 
'  **^8tead  of  water,  while  the  lenuinals  are  separated  by 
'»  ^'^'  ' ''  parts  by  weight  of  chlorine  which 
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tmltad  with  eftoli  plalo  of  zinc,  eight  parts  of  oxygea  'would 
Le  evolved  from  one  of  tbc  platinam  terminals ;  that  IB,  th* 
weigUta  would  be  pruciBcIy  in  the  same  relation  whicli  Dftlloa 
proved  to  exist  in  their  cheinifal  combining  weights.  This 
may  bo  extended  to  all  liquids  capable  of  being  decomposed 
by  the  voltaic  force,  theace  culled  Eteetrolytes :  and  as  no  vol- 
taic effect  is  produced  by  L'qnids  incapable  of  being  thus  de- 
composed, it  follows  that  voltaic  action  is  chemical  action  lak- 
iDg  place  at  a  distance,  or  transferred  through  a  chain  of 
media,  and  that  tbo  chemical  equivalent  numbers  are  the  ex- 
ponents of  the  amount  of  voltaic  action  for  corresponding 
chemical  sabstances. 

As  heat,  light,  mt^ctism,  or  motion,  can  be  produced  by 
the  requisite  application  of  tho  electric  current,  and  as  tliis  is 
definitely  produced  by  chemical  action,  wo  get  tlioao  forces 
very  definitely,  though  not  immediately,  produced  by  chcmi- 
ml  action.  I<ct  us,  however,  here  enquire,  as  we  have  al- 
ready done  with  respect  to  tlie  other  forces,  how  far  oilier 
forces  may  directly  eraanato  from  chemical  affinity. 

Stat  is  an  immediate  product  of  chemical  afSnily.  I 
know  of  no  exception  to  tlie  gcnorat  proposition  that  all  bod- 
ies in  cliemically  combining  produce  beat ;  L  e.  if  solu- 
tioa  be  not  cauaidorcd  as  ch<:mical  action,  and  even  in  that 
case,  when  cold  results,  it  is  from  a  cliango  of  consistence,  aa 
from  the  solid  to  tlic  liquid  slate,  aad  not  from  chemical 
action. 

Wo  shall  find  that  the  same  view  of  the  expenditure  of 
force  which  \ta  have  considered  in  treating  of  latent  heat 
holds  good  OS  to  the  expenditure  of  chemical  force  when  re- 
garded  with  reference  to  the  amount  of  heat  or  repulsive 
force  whii^b  it  engenders,  the  chemical  force  being  liero  ex- 
liausted  by  chemical  cxpanaioa — that  ia,  by  heat.  Thus,  in 
ihi;  chemical  action  of  the  ordinary  combustion  of  coal  and 
oxygon,  the  expeaditnre  of  fuel  will  be  in  proportion  to  the 
expansibility  of  the  aubstaaces  heated ;  water  passing  freely 
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into  the  steam  will  coDSume  more  fuel  than  if  it  be  confined 
and  kept  at  a  temperature  abo\re  its  boiling  point. 

Why  chemical  action  produces  heat,  or  what  is  the  action 
of  the  molecules  of  matter  when  chemicallj  uniting,  la  a 
question  upon  which  many  theories  ha\re  been  propoeed  and 
which  may  possibly  be  never  more  than  approximately  re- 
solvedk  • 

Some  authors  explain  it  by  the  condensation  which  takes 
place ;  but  this  will  not  account  for  the  many  instances  where, 
from  the  liberation  of  gases,  a  great  increase  of  volume  en- 
sues upon  chemical  combustion,  as  in  the  familiar  instance 
of  the  explosion  of  gunpowder :  others  explain  it  as  resulting 
from  the  union  of  atmospheres  of  positive  and  negative  eleo- 
tricity  which  are  assumed  to  surround  the  atoms  of  bodies ; 
but  this  involves  hypothesis  upon  hypothesis.  Dr.  Wood  has 
lately  thrown  out  a  view  of  the  heat  of  chemical  action  which 
is  more  in  accordance  with  a  dynamic  theory  of  heat,  and 
as  BU(!h  dunmnds  some  notice.  Starting  with  his  proposition, 
which  I  have  previously  mentioned,  '  that  tlie  nearer  the  par- 
ticles of  bodies  arc  to  each  other  the  less  they  require  to 
move  to  produce  a  given  motion  in  the  particles  of  another 
body,'  his  argument,  if  I  riglitly  understand  it,  assumes  some- 
thing of  this  form. 

In  the  mechanical  approximation  of  the  particles  of  a 
homogeneous  body  heat  results ;  the  particles  a  a  of  the  body 
A  would,  by  tlieir  approximation,  produce  expansion  in  the 
neighbouring  body  B,  the  more  so  in  proportion  as  they  them- 
selves wore  previously  nearer  to  eoch  other.  In  chemically 
combining,  a  a  tlie  particles  of  A  are  brought  into  very  close 
proximity  witli  h  h  tlie  particles  of  B ;  heat  should  therefore 
result,  and  the  greater  because  the  proximity  may  fairly  be 
oasunicd  to  be  greater  in  the  case  of  chemical  combination 
than  in  that  of  mechanical  compression.  In  cases,  then, 
whore  there  is  no  absolute  diminution  of  bulk  ensuing  on 
chemical  combination,  if  the  greater  proximity  of  the  com* 
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bining  partloles  be  such  Uiat  the  correlative  ospansion  ouglit 
to  be  greater  (if  there  were  no  chemical  corahination)  than 
that  occnpied  by  the  total  volume  of  the  new  compound,  an 
extra  expanding  power  is  evolved,  and  heat  or  expansion 
ought  to  bo  produced  in  surrotmding  bodies.  In  other  words, 
if  o  a  could  be  brought  by  physical  attraetion  as  near  each 
olber  as  they  are  by  chemical  attraction  brought  near  to  b  b, 
they  would,  from  their  increased  proximity,  produce  an  ex- 
pansive power  uUra  the  volume  occupied  by  the  actual  chem- 
ical compound  A  and  B.  The  question,  however,  immedi- 
otely  occurs,  why  should  tlio  volume  of  the  compound  be  lim- 
ited and  not  occupy  the  fiill  space  equivalent  to  the  expanding 
power  induced  by  the  contraction  or  approximation  of  tba 
particles.  As  the  distance  of  the  particles  is  the  resultant 
of  the  contending  contracting  and  expanding  powers,  this 
result  ought  to  express  itself  in  terms  of  the  actual  volume 
produced  by  the  combiuafion,  which  it  certainly  does  not. 

Though  I  see  some  difflculticB  in  Dr.  Wood's  tlieoty,  and 
perhaps  have  not  rightly  conceived  it,  his  views  have  to  my 
mind  great  interest,  his  mode  of  regarding  natural  phenomena 
being  analogous  to  that  which  I  have  in  ibis  Essay,  and  for 
many  years,  advocated,  viz.  to  divest  physical  science  as 
mncli  as  possible  of  hypothetic  fluids,  etiicrs,  latent  entities, 
occult  qualities,  &c.  My  own  notion  of  the  beat  produced 
by  chemical  combination,  though  I  scarcely  dare  venture  an 
opinion  upon  a  subject  so  controverted,  is,  that  it  is  analogous 
to  the  heat  of  friction,  that  the  particles  of  matter  in  close 
approximation  and  rapid  motion  inter  ae  evolve  bent  as  a  con- 
tinuation of  the  motion  interropted  by  the  frietion  or  intesti- 
nal motion  of  the  particles :  heat  would  thus  be  produced, 
whether  the  resulting  compound  were  of  greater  or  less  bulk 
tlion  the  sum  of  llio  components,  though  of  course  when  the 
componsd  is  of  greater  bulk  less  heat  would  bo  apparent  in 
neighbouring  bodies,  the  expansion  taking  place  in  ono  of  the 
nibstanccs  themselves — I  say  in  ono  of  them,  far  it  is  stated 
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in  books  of  antbori^  Uiat  there  is  no  instance  of  two  or  mora 
solids  or  llqnida,  or  a  solid  and  a  liquid,  comblniitg  and  pro- 
dacing  a  compound  Trbich  is  entirely  gaseous  at  ordinaiy 
tanqwraCores  and  pressures.  The  substance  gnn-«ot(«a,  how- 
ever, discoveredbylV.  Schoenbein,  Tcrj  nearly  realises  tliis 
proposition. 

Dr.  Andrews  has  arrived  at  the  conclusion,  after  careful 
experiment,  that  in  chemical  combinations  where  ^cids  and 
alkalies  or  analogoaB  substances  are  employed,  the  amount  of 
heat  produced  is  determined  by  the  basic  ingredient,  and  his 
ezperimente  have  received  general  assent ;  althou^  it  should 
be  stated  that  M.  Hesa  arrived  at  contrary  results,  the  acid 
constituent  according  to  his  experiments  furnishing  the  mcas- 
oro  of  the  heat  developed. 

Light  is  directly  produced  by  chemical  action,  as  in  the  flash 
of  gunpowder,  the  burning  of  phospborua  in  oxygen  gas,  and  all 
rapid  combustions:  indeed,  wherever  intense  heat  ia  developed, 
light  accompanies  it.  In  many  cases  of  slow  combustion, 
such  as  the  phenomenaof  phosphorescence,  the  light  is  apparent- 
ly much  more  intense  than  the  heat ;  the  former  being  obvious, 
the  latter  so  difficult  of  detection  that  for  a  long  time  it  was 
a  question  whether  any  beat  was  eliminated ;  and  I  am  not 
aware  that  at  the  present  day,  any  thermic  effects  &om  cer- 
tain modes  of  phosphorescence,  sncb  as  those  of  pbospbo- 
rescent  wood,  putrescent  fish,  &c.,  have  been  detected. 

Chemical  action  produces  magnetiwm  whenever  it  is  thrown 
into  a  definite  direction,  as  in  the  phenomenon  of  electrolysis. 
I  may  adduce  the  gas  voltaic  battery,  as  presenting  a  simple 
instance  of  the  direct  production  of  magnetism  by  chemical 
4j^tfaesis.  Oxygen  and  hydrogen  in  that  combination  chemi- 
cally untie  ;  but  instead  of  combining  by  intimate  molecular 
admixture,  as  in  the  ordinary  cases,  they  act  upon  water,  i.e. 
combined  oxygen  and  hydrogen,  placed  betwecQ  them  so  as 
to  produce  a  line  of  chemical  action ;  and  a  magnet  at^aceut 
to  this  line  of  action  is  defiected,  and  places  itself  at  right 
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sagles  to  it.  What  a  chain  of  molecules  docs  here,  there 
caa  be  no  doubt  all  the  molecules  ealcring  into  combination 
would  produce  in  ordinary  chemical  actions ;  but  in  such 
Caecfi,  the  direction  of  the  liucs  of  combination  being  irregu- 
Jar  and  eonlbscd,  there  is  no  general  resaltani  by  which  the 
mugnet  can  be  adcetcd. 

What  the  exact  catare  of  the  transference  of  chemical 
power  across  au  electrolyte  ia,  wo  at  present  know  not,  nor 

we  form  any  more  definite  idea  of  it  than  that  given  by 
the  theory  of  Grotthna.  We  have  no  knowledge  as  to  the 
exact  nature  of  Any  mode  of  cliemical  action,  and,  for  the 
present  mOHt  leave  it  as  an  obscure  action  of  force,  of  which 
flitaro  researches  may  simplify  otir  apprehension. 

We  have  seen  that  an  equivalent  or  proportionate  electri- 
cal effect  ia  produced  by  a  given  amount  of  chemical  action  ; 
if  we,  in  tnm,  produce  bent  and  magnetism  and  motion  by 
(he  electricity  resulting  from  chemical  action,  we  shall  be  able 
'(o  measoro  these  forces  for  more  accurately  than  when  they 
tm  directly  produced,  and  thus  to  deduce  their  equivalent  re- 
ladoQ  to  the  initial  chemical  action.  Thus  M.  Favro,  after 
Wcertainlng  the  quantity  of  heat  produced  by  the  oxidation 

a  qnanlity  of  zinc,  and  finding,  as  have  others,  that  the 
beat  U  the  eamc  when  evolved  from  a  voltaic  battery  by  the 
Mme  coiumnption  of  zinc  forming  its  positive  clement,  makes 
e  following  experiment. 

A  TOltoic  battery  and  electro-magnet  are  immersed  in  cal- 
brimelers,  and  the  heat  produced  when  the  connection  with 
le  magnet  is  effected  is  noted. 

Thu  clectro-mognet  is  then  mode  to  raise  a  weight,  and 
ttnis   perform  mechanical  work,  and  the  beat  produced  is 

D  noted.  It  is  found  in  the  latter  case  that  less  heat  is 
•Tolved  than  in  the  former,  a  certain  quantity  of  heat  has 
fterefure  been  replaced  by  the  mccbanii'al  work ;  and  by^  esli- 
inating  the  amount  of  heat  subtracted,  and  tlie  amount  of 
^rk  produced,  ho  doUucea  the  relative  equivalent  of  work  to 
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heat.  TheM  ezperimBntfl  give  a  prodaction  of  mechonicHj 
work  by  chemical  action,  not,  it  is  trae,  a  direct  production, 
bat,  ae  the  heat  and  work  are  in  inverse  ratioii,  and  each  has 
its  source  in  chemical  action,  they  prove  tiiat  they  are  definite 
for  a  definite  amount  of  chemical  action,  and  as  ead  is  pro 
dnced  respectively  by  electricity  and  magnetism,  these  forces 
must  also  bear  a  definite  relation  to  the  initial  chemical  force. 

The  doctrine  of  definite  combining  proportions,  which  so 
beautifully  serves  to  relate  chemistry  to  voltaic  electricity, 
led  to  the  atomic  theoiy,  which,  though  adopted  in  its  univer- 
sality by  a  lai^  majority  of  chemista,  presents  great  difficul- 
ties when  extended  to  all  chemical  combinations. 

The  equivalent  ratios  in  which  a  great  nomber  of  sub- 
stances chemically  combine,  hold  good  in  so  many  Instaaces, 
that  the  atomic  doctrine  is  believed  by  many  to  be  universally 
applicable,  and  called  a  law ;  and  yet,  when  followed  in  the 
combinations  of  sabstanccs  whose  natural  chemical  attractions 
are  very  feeble,  the  relation  fades  away,  and  is  sought  to  be 
recovered  by  applying  a  separate  and  arbitrary  multiplier  to 
the  dificrent  constituents. 

Thus,  when  it  was  found  that  a  vast  number  of  substance* 
combined  in  definite  volomos  and  weights,  and  in  definite  vol- 
umes and  weights  only,  it  was  argued  that  their  ulllmato 
lUoleculeB  or  atoms  had  a  definite  size,  as.  otherwise  there 
was  no  apparent  reason  why  this  equivalent  ratio  should  hold 
good :  why,  for  instance,  water  should  only  bo  formed  of  two 
volumes  or  one  unit  by  weight  of  hydrogen,  and  of  one  vol- 
ume or  eight  unita  by  weight  of  oxygen  ;  why,  unless  tlicre 
were  some  ultimate  limits  to  the  divisibility  of  its  molecules, 
should  not  water,  or  a  fluid  substance  approximating  to  water 
in  character,  be  formed  by  a  half,  a  third,  or  a  tenth  part  of 
hydrogen,  with  eight  parts  of  oxygen? 

It  was  perfectly  consistent  with  the  alotnic  view  that  a 
substance  might  be  formed  with  one  part  combined  with  eight 
ports,  or  with  sixteen,  or  with  twenty-four,  for  in  such  a  sub- 
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■tance  there  would  be  no  eubdiviaion  of  llie  (enpposed  iitdivi- 
Bible)  molecule  ;  and  this  held  good  with  many  compounds  - 
tliQs  fonrteea  parts  by  weight,  say  grains  of  nitrogen,  will 
combine  respectively  with  eight,  sixteen,  twenty-four,  thirty- 
Iwo,  and  forty  parts  by  weight,  or  grwDS,  of  oxygen. 

So,  again,  twenty-aeven  grains  of  iron  will  combioo  wilh 
eight  grains  of  oxygen  or  with  twenty-four  graius,  i.  e.  ihroe 
proportionals  of  oxygen.  No  compound  is  known  in  which 
twenty-seven  grains  of  iron  wUl  combine  with  two  propor- 
tionals or  sixteen  grains  of  oxygen  ;  but  this  docs  not  macU 
allect  the  theory,  as  such  a  compound  may  be  yet  diacovered, 
or  there  may  be  reasons  at  prescQt  unknown  why  it  cannot  be 
formed. 

But  now  comes  a  difficulty :  twenly-sevon  parts  by  weight 
of  iron  ivSl  combine  with  twelve  parts  by  weight  of  oxygen, 
and  twenty-Bcven  parts  of  iron  will  also  combine  wit"  ten 
and  two-third  parts  of  oxygen.  Thus  if  we  retain  the  unit 
of  iron  we  must  subdivide  the  unit  of  oxygen,  or  if  we  retain 
the  unit  of  oxygen  we  must  subdivide  the  unit  of  iron,  or  we 
must  subdivide  both  by  a  different  divisor.  What  then  be- 
comes 9f  the  notion  of  an  atom  or  molecule  physically  indi- 
visible ? 

If  iron  wore  the  only  snbstanco  to  which  this  difficulty 
applied,  it  might  be  viewed  as  au  unexplained  exception,  or 
as  a  mixture  of  two  oxides  ;  or  recourse  might  be  had  to  a 
tnore  minute  subdivision  to  form  tlie  units  or  equivalents  of 
other  substances ;  but  numerous  other  substances  fall  under 
a  sinular  category ;  and  in  organic  combinations,  to  preserve 
the  atomic  nomenclature  wo  must  apply  a  separate  multiplier 
or  divisor  to  far  the  greater  number  of  the  elementary  con- 
ttituenU,  i.  e.  we  must  divide  that  which  is,  ex  hi/poOim,  indi- 

Thufl,  to  lake  a  more  complex  subslanco  tlian  any  formed 
'by  the  combination  of  iron  and  oxygen,  let  us  select  the  sub- 
stance Blbuman,  composed  of  carbon,  hydrogen,  nitrogen. 
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oxygen,  phosphorus,  and  solphnr.  In  thij  case  we  most  ey> 
ther  divide  the  atoms  of  phosphoros  and  snlphnr  so  as  to  re« 
dnce  them  to  small  fractions,  or  multiply  the  atoms  of  the 
other  substances  by  extravagant  numbers ;  thus  to  preserve 
the  unit  of  one  of  the  constituents  of  this  substance,  chemifftB 
say  it  is  composed  of  400  atoms  of  carbon,  310  of  hydrogen, 
120  of  oxygen,  50  of  nitrogen,  2  of  sulphur,  and  1  of  phos- 
phorus. This  is  a  somewhat  extreme  case,  but  similar  diffi- 
culties will  be  found  in  different  degrees  to  prevail  among  or- 
ganic compounds ;  in  very  many  no  constituent  can  be  taken 
as  a  unit  to  which  simple  multiples  of  any  of  the  others  will 
give  their  relative  proportions.  By  the  mode  of  notation 
adopted,  if  any  conceivable  substance  be  selected,  it  could, 
whatever  be  the  proportions  of  its  constituents,  be  termed 
atomic.  A  solution  of  an  ounce  of  sugar  in  a  pound  of  wa- 
ter, in  a  pound  and  a  half,  in  a  pound  and  a  quarter,  in  a 
pound  and  a  tenth,  might  be  expressed  in  an  atomic  form,  if 
we  select  arbitrarily  a  multiplier  or  divisor. 

It  is  true  that  in  the  case  of  solution,  different  proportions 
can  bo  united  up  to  the  point  of  saturation  without  any  dif- 
ference in  the  character  of  the  compound,  though  the  same 
may  be  predicated  to  some  extent  of  an  acid  and  an  alkali ; 
but  even  where  the  steps  are  sudden,  and  compounds  only 
exist  with  definite  proportions,  they  cannot,  in  a  multitude  of 
cases,  be  reconciled  with  the  true  idea  of  an  atomic  combina- 
tion, i.  e.  one  to  one,  one  to  two,  &c. 

Although,  therefore,  nature  presents  us  with  facts  which 
show  that  there  is  some  restrictive  law  of  combination  which 
in  numerous  cases  limits  the  ratios  in  which  substances  will 
combine,  nay,  further,  shows  many  instances  of  a  proportion 
between  the  combining  weights  of  one  compound  and  those 
of  another ;  although  she  shows  also  a  remarkable  simplicity 
in  the  combining  volumes  of  numerous  gases,  she  also  gives 
numerous  coses  to  which  the  doctrine  of  atomic  combinations 
cannot  fairly  be  applied. 
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TLal  there  mnst  be  something  in  tlie  conatitution  otmnU 
tcr,  or  in  the  forces  whicli  act  on  h,  to  account  for  the  per 
$aUum  manner  in  which  chemicnl  combinatioDs  take  place,  is 
inevitable  ;  bat  the  idea  of  atoms  docs  not  seem  satisfactorily 
to  aoooant  for  it. 

By  selecting  a  eoparale  multiplier  or  divisor,  cheniiata 
may  denote  every  combination  in  terms  derived  from  Ihe 
atomic  theory  ;  but  they  have  passed  from  the  original  law, 
which  contemplated  only  dolmile  multiples,  and  the  very  hy- 
pothetic expressions  of  atoms,  which  the  apparently  eimplo 
relations  of  combining  weights  first  led  them  to  adopt,  they 
are  obh'gcd  to  vary  and  to  contradict  in  terms,  by  dividing 
that  which  their  hypothesis  and  the  expression  of  it  assumed 
to  be  indivisible. 

While,  therefore,  I  fully  recognise  a  great  natural  tnitli 
in  the  definite  ratios  presented  by  a  vast  number  of  chemical - 
combinations,  and  in  the  per  saUum  steps  in  which  nearly  all 
take  place,  I  cannot  accept  as  an  orgiiBient  in  favour  of  an 
atomic  theory,  those  combinations  which  are  made  to  support 
it  by  the  application  of  on  arbitrary  notation. 

A  similar  straining  of  theory  seems  gradually  obtaining 
*iu  regard  to  the  doctrine  of  compound  radicals.  The  discov- 
ery of  cyanogen  by  Gay-Lussac  was  probably  the  first  in- 
ducement to  the  doctrine  of  compound  radicals ;  a  doctrine 
whicli  is  now  generally,  perhaps  too  generally,  received  in 
organic  chemifitry.  As,  in  the  cose  of  cyanogen,  a  body  ob- 
wously  compound  diMcharged  in  almost  all  il«  reactions  the 
functions  of  an  element,  bo  in  many  other  cases  it  was  found 
that  compound  bodies  in  which  a  great  number  of  clemeuts 
existed,  might  bo  regarded  as  binary  combinations,  by  con- 
sidering certain  groups  of  tliese  elements  as  a  compound  rad- 
ical ;  tliat  is,  as  a  simple  body  when  treated  of  in  relation  to 
the  other  complex  subslauces  of  which  it  forms  port,  and 
only  as  non-elementaiy  when  referred  to  its  internal  conati- 
tntioD. 
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TJndoQbtedty,  by  appinxxiiiuitiiig  in  llieofj  the  leacdoos  o-f 
inorganic  and  of  organic  chemistiy,  by  keeping  the  mind 
within  the  Umita  of  a  beaten  patli,  instead  of  allowing  it  to 
wander  throngli  a  maze  of  isolated  &ctB,  the  doctrine  of  com- 
poond  radicals  has  been  of  service ;  bnt,  on  the  other  hand, 
the  indefinite  yariety  of  changes  which  maj  be  rung  upon  the 
composition  of  an  organic  substance,  bj  difierent  associations 
of  its  primary  elements,  makes  the  binaiy  constitoents  Tazy 
as  the  minds  of  the  anthers  who  treat  of  them,  and  makes 
their  gronping  depend  entirely  npon  the  strength  of  the  anal- 
ogies presented  to  each  individual  mind.  From  this  cause, 
and  from  the  extreme  license  which  has  been  taken  in  theo- 
retic groupiags  deduced  frx>m  this  doctrine,  a  serious  question 
arises  whether  it  may  not  ultimately,  unless  carefully  re- 
stricted, produce  confrision  rather  than  simplicity,  and  be  to 
the  student  an  embarrassment  rather  than  an  assistance. 


Tin.— OTHER  MODES  OF  FORCE. 

CATALTSrS,  or  the  cliemical  action  induced  hy  llie 
mere  presence  of  &  foreign  body,  embraces  a  class  of 
focta  wliicb  must  considerably  modify  many  of  our  notions  of 
chemical  action ;  thus  oxygen  and  hydrogen,  when  mixed  in 
a  gaaeona  slate,  will  remain  unaltered  for  an  indefinile  pe- 
riod J  bnt  the  in&odnctioa  to  tliem  of  a  slip  of  clean  plati- 
nnm  will  cause  more  or  less  rapid  combination,  without  being 
in  itself  in  any  respect  altered.  On  the  olher  hand,  oxygen- 
ated water,  which  is  a  compound  of  one  equivalent  of  hydro- 
gen plus  two  of  oxygen,  will,  when  under  a  certain  tempera- 
ture, remain  perfectly  stable  ;  but  touch  it  with  platinum  ia 
a  slate  of  minute  division,  and  it  ia  instantly  decomposed, 
one  equiTnlcnt  of  oxygen  being  aot  free.  Here,  again,  the 
platinum  is  uoallercd,  and  thus  we  have  sj-nthesis  and  analy- 
sis effected  apparently  by  the  mere  contact  of  a  fbreign  body. 
It  is  not  improbable  thai  the  increased  electrolytic  power  of 
water  by  iho  addition  of  some  acids,  such  as  tho  sulphuric 
and  phosphoric,  where  tbe  acids  themselvca  are  not  decom- 
posed, depends  upon  a  catalytic  effect  of  tlicse  acids  ;  but  wo 
know  too  little  of  the  nature  and  rationale  of  catalysis  to  ex- 
press any  confident  opinion  on  its  modes  of  action,  nnd  pos- 
aibly  we  may  compfchcnd  very  dillerent  molecular  actions 
ooder  one  and  tbe  same  name.  In  no  case  does  catalysis 
field  ns  new  power  or  force  :  it  only  dctennbes  or  facilitatEa 
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the  action  of  chemical  force,  and,  therefore,  is  no  creation  ok 
force  hj  contact. 

The  force  so  developed  hj  catalysis  may  be  converted 
into  a  voltaic  form  thns :  in  a  single  pair  of  the  gas  battery 
above  alluded  to,  one  portion  of  a  strip  of  platinum  is  int- 
mersed  in  a  tube  of  oxjgen,  the  other  in  one  of  hydrogen, 
both  the  gases  and  the  extremities  of  the  platinum  being  con- 
nected by  water  or  other  electrolyte ;  a  voltaic  combination 
is  thus  formed,  and  electricity,  heat,  light,  magnetism,  and 
motion,  produced  at  the  will  of  the  experimenter. 

In  this  combination  we  liave  a  striking  instance  of  cor- 
relative expansions  and  conti  actions,  analogous,  though  in  a 
much  more  refined  form,  to  the  expansions  and  contractions 
by  heat  and  cold  detailed  in  the  early  part  of  this  essay,  and 
il  hist  rated  by  the  alternations  of  two  bladders  partially  filled 
with  air :  thus,  as  by  the  effect  of  chemical  combination  in 
ca(*h  piiir  of  tubes  of  the  gas  battery  the  gases  oxygen  and 
liydrogon  lose  their  gaseous  character  and  shrink  into  water, 
so  at  the  platinum  terminals  of  the  battery,  when  immersed 
in  water,  water  is  decomposed,  and  expands  into  oxygen  and 
hydrogen  gases.  The  correlate  of  the  force  which  changes 
gas  into  liquid  at  one  point  of  space,  changes  liquid  into  gas 
at  another,  and  the  exact  volume  which  disappears  in  the 
one  place  reappears  in  the  other ;  so  that  it  would  appear  to 
an  inexperienced  eye  as  though  the  gases  passed  through 
solid  wires. 

Gravitation,  inertia,  and  aggregation,  were  but  cursorily 
alluded  to  in  my  original  lectures ;  their  relation  to  the  other 
modes  of  force  seemed  to  be  less  definitely  traceable  ;  but  the 
phenomenal  effects  of  gravitation  and  inertia,  being  motion 
and  resistance  to  motion,  in  considering  motion  I  have  in 
some  degree  included  their  relations  to  the  other  forces. 

To  my  mind  gravitation  would  only  produce  other  force 
when  the  motion  caused  by  it  ceases.  Thus,  if  we  suppose 
a  meteor  to  be  a  moss  rotating  in  an  orbit  round  the  earth. 
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•nd  witli  no  resisting  mcdiom,  then,  as  long  as  that  rotation 
contlnueg,  tlie  motion  of  the  meteoric  mass  itself  would  be 
tie  csponent  of  tho  force  impelling  it ;  if  there  bo  a  reaiat- 
log  medium,  part  of  this  motion  would  be  arrested  and  taken 
up  by  the  medium,  either  as  motion,  beat,  electricity,  or  some 
other  mode  of  force  ;  if  the  meteor  approach  the  earth  HnfS- 
ciently  to  fall  upon  it,  the  perceptible  motion  of  the  meteor 
is  stopped,  but  is  taken  up  by  the  earth  which  vibrates 
through  its  mass  ;  port  also  reappears  as  heat  in  both  earth 
uid  meteor,  and  part  in  the  change  in  tho  earth's  position 
consequent  on  ita  increase  of  gravity,  and  so  on.  Gravita- 
tion is  but  the  subjective  idea,  and  its  relation  to  other  modes 
of  force  seema  to  me  to  be  identical  with  that  of  pressm^  or 
motion.  Thus,  when  arrested  motion  produces  heat,  it  mat- 
ters not  whether  (he  motion  has  been  produced  by  a  falling 
body,  i.  e.  by  gravitation,  or  a  body  projected  by  an  explo- 
sive compound,  &,c, ;  the  heat  will  bo  the  same,  provided  the 
mass  and  velocity  at  tho  time  of  arrest  be  the  same.  In  no 
other  sense  can  I  conceive  a  relation  between  gravitation  and 
the  other  forces,  and,  with  all  diffidence,  1  cannot  agree  with 
those  who  seek  a  more  myalerious  link. 

Mosolti  has  mathematically  treated  of  the  identity  of 
grarittttion  with  eoheaive  aUractio-n,  and  Plilcker  has  recently 
succeeded  in  showing  that  crystalline  bodies  are  definitely  at- 
fected  by  magnetism,  and  take  a  position  in  relation  to  the 
lines  of  magnetic  force  dependent  upon  their  optical  axis  or 
ftxis  of  symmetry. 

What  is  t«rmed  the  optic  axis  is  a  lixed  direction  through 
Oystals,  in  which  they  do  not  doubly  re&act  light,  and  which 
direction,  iu  those  crystals  which  have  one  axis  of  figure,  or 
M  line  aronnd  which  the  figure  b  symmetrical,  is  parallel  to 
the  axis  of  symmetry.  WhcQ  submitted  to  magnetic  influ- 
ence such  crystals  take  up  a  position,  so  that  their  optic  axis 
poiula  diamaguctically  or  transversely  to  the  lines  of  magnetic 
fiirce  i  and  when,  as  is  the  case  in  Bome  rayetals,  there  ii 
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more  than  one  optic  axis,  the  resultant  of  these  axes  points 
diamagnedcallj.  The  mineral  cjanite  is  influenced  by  magn. 
netism  in  so  marked  a  manner  that  when  suspended  it  vnJl 
arrange  itself  definitely  with  reference  to  the  direction  of  ter- 
restrial magnetism,  and  may,  according  to  FlQcker,  be  used 
as  a  compass-needle. 

There  is  scarcely  any  doubt  that  the  force  which  is  con- 
cerned in  aggregation  is  the  same  which  gives  to  matter  ite 
crystalline  form ;  indeed,  a  yast  number  of  inorganic  bodies, 
if  not  all,  which  appear  amorphous  are,  when  closely  exam- 
ined, found  to  be  crystalline  in  their  structure :  we  thus  get  a 
reciprocity  of  action  between  the  force  which  unites  the  mole- 
cules of  matter  and  the  magnetic  force,  and  through  the  me- 
dium of  the  latter  the  correlation  of  the  attraction  of  aggre- 
gation with  the  other  modes  of  force  may  be  established. 

I  believe  that  the  same  principles  and  mode  of  reasoning 
as  have  been  adopted  in  this  essay  might  be  applied  to  the 
organic  as  well  as  the  inorganic  world ;  and  that  muscular 
force,  animal  and  vegetable  heat,  &c.,  might,  and  at  some 
time  will,  be  shown  to  have  similar  definite  correlations ;  but  I 
have  purposely  avoided  this  subject,  as  pertaining  to  a  depart- 
ment of  science  to  which  I  have  not  devoted  my  attention. 
I  ought,  however,  while  alluding  to  this  subject,  shortly  to 
mention  some  experiments  of  Professor  Matteucci,  communi- 
cated to  the  Royal  Society  in  the  year  1850,  by  which  it  ap- 
pears that  whatever  mode  of  force  it  be  which  is  propagated 
along  the  nervous  filaments,  this  mode  of  force  is  definitely 
affected  by  currents  of  electricity.  His  experiments  show 
that  when  a  current  of  positive  electricity  traverses  a  portion 
of  the  muscle  of  a  living  animal  in  the  same  direction  as  that 
in  which  the  nerves  ramify — i.  e.  a  direction  from  the  brain 
to  the  extremities — ^a  muscular  contraction  is  produced  in  the 
limb  experimented  on,  showing  tliat  the  nerve  of  motion  is 
affected ;  while,  if  the  current,  as  it  is  termedf  be  made  to 
traverse  the  muscle  in  the  reverse  direction,  or  towards  the 
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a  centres,  the  animal  utters  cries,  and  exIiibitA  all  the 
indicatiooii  of  suSering  pain,  ecarcelj  any  musi^ular  move 
mcnt  being  produced ;  eLowiag  that  in  tliis  case  the  nerrea 
of  aenaation  ara  aHected  by  the  electric  current,  and  therefore 
that  some  definila  polar  condition  exists,  or  ia  induced,  in  the 
ncrvea,  to  'which  eloclricity  is  correlated,  and  that  probably 
this  polar  condition  conetitufes  nervous  agency.  There  ara 
olhor  analogies  given  in  the  papers  of  M.  Matteucci,  and  de- 
rived from  the  action  of  the  electrical  organs  of  fishes,  which 
tend  to  corroborate  and  develope  the  same  view. 

By  an  application  of  the  doctrine  of  the  Correlation  of 
Forces,  Dr.  Carpenter  has  shown  how  a  difficulty  arising 
from  the  ordinary  notions  of  the  dcvelopcnicat  of  an  organised 
being  from  its  gcrm-cell  may  bo  lessened.  It  has  been 
thought  by  many  physiologiala  that  the  nisus  formalwvg,  or 
organising  force  of  an  animal  or  vegetable  structure,  lies  dor- 
mant in  the  primordial  germ-cell,  '  So  that  the  organising 
force  required  to  build  ap  au  oak  or  a  palm,  an  elephant  or  a 
whale,  ia  concentrated  ia  a,  minute  particle  only  disceraibb 
by  microscopic  aid.' 

Certain  other  views  of  nearly  equal  difficnlly  have  been 
proponnded.  Dr.  Carpenter  enggesta  the  probability  of  ex- 
traneous forces,  OS  heat,  light,  and  chemic&l  aSinity,  contin- 
uously operating  upon  the  material  germ ;  so  that  all  that  is 
required  in  this  is  a  structure  capable  of  receiving,  directing, 
and  converting  these  forcca  into  those  which  tend  to  the  assim- 
ilation of  extraneoua  matter  and  the  definite  developement  of 
the  particular  structure.  In  proof  of  this  position  he  shows 
how  dependent  the  process  of  germ  developement  is  upon  the 
presence  and  agency  of  exiomal  forces,  particularly  heat  and 
light,  and  how  it  ia  regulated  by  the  measure  of  these  forces 
supplied  to  it. 

It  certainly  ia  far  Icaa  diUicult  so  to  conceive  the  supply 
of  force  yielded  to  organised  beings  in  their  gradual  process 
of  growth,  than  to  suppose  a  store  of  dormant  or  latent  force 
pent  up  in  a  microscopic  moaod. 
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Ab  hj  the  artificial  atruciurB  of  a  voltaic  batteiy, 
cal  actioDB  may  be  made  to  cooperate  in  a  definite  direction, 
8o,  by  the  organism  of  a  vegetable  or  animal,  the  mode  of 
motion  which  constitutes  heat,  light,  dbc.,  may,  without  extra- 
vagance, be  conceived  to  be  appropriated  and  changed  into 
the  forces  which  induce  the  absorption,  and  assimilation  of 
nutriment,  and  into  nervous  agency  and  muscular  power. 
Indications  of  similar  thoughts  may  be  detected  in  the  writing|B 
of  Liebig. 

Some  difficulty  in  studying  the  correlations  of  vital  with 
inorganic  physical  forces  arises  fih>m  the  effects  of  sensation 
and  consciousness,  presenting  a  similar  confusion  to  that 
alluded  to,  when,  in  treating  of  heat,  I  ventured  to  suggest, 
that  observers  are  too  apt  to  confound  the  sensations  with  the 
phenomena.  Thus,  to  apply  some  of  the  considerations  on 
force,  given  in  the  introductory  portion  of  this  essay,  to  cases 
where  vitality  or  consciousness  intervenes.  When  a  weight 
is  raised  by  the  hand,  there  should,  according  to  the  doctrine 
of  non-creation  of  force,  have  been  somewhere  an  expenditure 
equivalent  to  the  amount  of  gravitation  overcome  in  raising 
the  weight.  That  there  is  expenditure  we  can  prove,  though 
in  the  present  state  of  science  we  cannot  measure  it.  Thus, 
prolong  the  effort,  raise  weights  for  an  hour  or  two,  the  vital 
powers  sink,  food,  i.  e.  fresh  chemical  force,  is  required  to 
supply  the  exhaustion.  If  this  supply  is  withheld  and  the 
exertion  is  continued,  we  see  the  consumption  of  force  in 
the  supervening  weakness  and  emaciation  of  the  body. 

The  consciousness  of  effort,  which  has  formed  a  topic  of 
argument  by  some  writers  when  treating  of  force,  and  is  by 
them  believed  to  be  that  which  has  originated  the  idea  of 
force,  may  by  the  physical  student  be  regarded  as  feeling  is 
in  the  phenomena  of  heat  and  cold,  viz.  a  sensation  of  the 
struggle  of  opposing  molecular  motions  in  overcoming  the 
resistance  of  the  masses  to  be  moved.  When  we  say  we  feel 
b(^  we  feel  cold,  we  feel  that  we  are  exerting  ourselves,  our 


I  are  intelligible  to  beiDgs  who  are  napablc  of  ex- 
pericnciug  BLnular  seosations ;  but  tbe  pbysical  cbangeB 
accompanying  tboBO  sensatioaB  ore  not  tJiereby  expluined. 
Williout  preleuding  to  know  what  probably  we  Bball  never 
know,  the  actual  modus  agendi  of  the  brain,  uerres,  muscles, 
Ac.,  we  may  study  vital  as  wo  do  inorganiu  phenomena,  both  by 
obscrratioa  and  experiment.  Thu9,  .Sir  Benjamin  Brodie  bos 
oxajnioed  the  oSect  of  respiration  on  animal  heat  by  inducing 
artificial  respiration  after  the  spiiial  cord  has  been  Bcvered ; 
in  which  case  he  finds  the  unimnl  heat  declines,  notwith- 
etantling  the  contlauance  of  the,  chemical  action  of  respiration, 
carbonic  acid  being  formed  as  usual ;  but  he  also  finds  that 
imdcr  such  circumstoncoa  the  struggles  or  muscular  actions 
of  the  animal  are  very  great,  aud  sullicient  prolmbly  to  ac- 
count for  the  force  eliminated  by  the  chemical  action  in 
digestion  and  respiration ;  and  Liebig,  by  measuring  the 
amount  of  chemical  action  in  digeslion  and  respiration,  and 
comparing  it  with  the  labour  performed,  has  to  some  exteftt 
established  their  equivalent  relations. 

Mr.  Helmholtz  has  found  that  the  chemical  changes  which 
take  place  in  muscles  are  greater  when  these  are  made  to 
undergo  contractions  than  when  they  are  iu  repose  ;  and  that, 
as  would  tie  expected,  the  consumption  of  the  matter  of  the 
mnseles,  or,  in  oilier  ttrms,  tho  waste  or  escrementitioua 
matter  thrown  oSf,  is  greater  in  tbe  former  than  in  the  latter 
cose. 

M.  Matleucci  bos  ascertained  that  tho  muscles  of  recently 
killed  irogs  absorb  oxygen  and  exhale  carbonic  acid,  and  that 
when  they  are  thrown  into  a  state  of  conlracliou,  and  still 
more  when  they  perform  mechanical  work,  the  absorption  is 
increased ;  and  be  even  calculates  tho  equivalents  of  work  sn 
performed. 

M.  Beclnrd  finds  that  tbe  quantity  of  heat  produced  by 
voluntary  ronsculur  contraction  in  man  is  greater  when  that 
contraction  is  what  he  terms  static,  that  ia,  when  it  produces 
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no  ezienud  work,  bat  15  eflbrt  alone,  tban  wbeo  thai  dibit 
fuid  oc#atnelion  are  emplored  djoainicaDT,  so  as  to  zaise  a 
weigbt  or  ffTodnoe  medianical  wovk. 

Tliiu,  tliOQg^  we  maj  gee  no  present  ptrondse  o£  being 
abJe  to  resolve  sensations  into  their  nhimate  *>LmM»nt«j  or  io 
trace,  phjsicallj,  the  link  whidi  unites  Tolidon  with  exertion 
or  effort,  in  terms  of  oar  own  consciousness  of  it,  we  maj 
bo[ic  to  approximate  the  solution  of  these  deeply  interesting 
questions. 

In  the  same  individual  the  chemical  and  physical  stale  of 
tlie  secretions  in  the  warm  maj  be  compared  with  those  in 
the  cold  parts  of  the  body.  The  changes  in  digestion  and 
respiration,  when  the  body  is  in  a  state  of  rest,  may  be  conn 
pun:<l  with  thoBo  which  obtain  when  it  is  in  a  state  of  activity. 
1'lie  rehitions  with  external  matter,  maintaining,  by  the  con- 
Hturit  jilay  of  natural  forces,  the  vital  nucleus,  or  the  organi- 
Hutiiiii  by  means  of  which  matter  and  force  receive,  for  a 
de finite  i>criod,  a  definite  incorporation  and  direction,  may  be 
ttHr(;rtuined,  while  the  more  minute  structural  changes  are 
rcv<:ulcMl  U)  us  by  the  ever-improving  powers  of  the  micro- 
scope; ;  and  thus  step  by  step  we  may  learn  that  which  it  is 
given  to  us  to  learn,  boundless  in  its  range  and  infinite  in  its 
progrcHs,  and  therefore  never  giving  a  response  to  the  ultimate 
— WJiy? 

As  tlie  first  glimpse  of  a  now  star  is  caught  by  the  eye  of 
the  asirunomcr  while  directing  his  vision  to  a  different  point 
of  space,  and  disappears  when  steadfastly  gazed  at,  only  to 
have  its  iMmitiun  and  figure  ultimately  ascertained  by  the  cm- 
pl(»ynieut  of  more  penetrative  powers,  so  the  first  scintillations 
of  new  natural  phunomeua  frequently  present  themselves  to 
tho  eye  of  the  obscrvcT,  dimly  seen  when  viewed  askance, 
ami  «liHapiK*aring  if  directly  looked  for.  When  new  powers 
of  tliou^lit  and  experiment  have  developed  and  corrected  the 
fifHt  notiouM,  and  given  a  character  to  the  new  image,  proba- 
bly very  different  from  the  first  impression,  fresh  objects  are 
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again  glanced  at  in  the  margin  of  Iho  new  field  of  Tision, 
which  in  their  turn  have  to  be  verified,  and  again  lead  to 
new  exienaions  ;  tlma  tin  effort  to  establish  one  observation 
leads  to  the  imperfect  perception  of  now  and  wider  fields  of 
research ;  and,  instead  of  approoclimg  finality,  the  more 
we  discover,  the  more  infinite  appears  the  range  of  the  nndis- 
ooreredl 


IX.— CONCLUDING  KEMAKKS. 

I  HAVE  now  gone  throng  the  affections  of  matter  for 
which  distinct  names  have  been  given  in  onr  received 
nomendatnre :  that  other  forces  may  be  detected,  differing  as 
mach  from  them  as  they  differ  from  each  other,  is  highly 
probable,  and  that  when  discovered,  and  their  modes  of 
action  fully  traced  out,  they  will  be  found  to  be  related  inter 
se,  and  to  these  forces  as  these  are  to  each  other,  I  believe 
to  be  as  far  certain  as  certunty  can  be  predicted  of  any  future 
event. 

It  may  in  many  cases  be  a  difficult  question  to  determine 
what  constitutes  a  distinct  affection  of  matter  or  mode  of 
force.  It  is  highly  probable  that  different  lines  of  demarca 
tion  would  have  been  drawn  between  the  forces  already 
known,  had  they  been  discovered  in  a  different  manner,  or 
first  observed  at  different  points  of  the  chain  which  connects 
them.  Thus,  radiant  heat  and  light  are  mainly  distinguished 
by  the  manner  in  which  they  affect  our  senses :  were  they 
viewed  according  to  the  way  in  which  they  affect  inorganic 
matter,  very  different  notions  would  possibly  be  entertained 
of  their  character  and  relation.  Electricity,  again,  was 
named  from  the  substance  in  which,  and  magnetism  from  the 
district  where,  it  first  happened  to  be  observed,  and  a  chain 
of  intermediate  phenomena  have  so  connected  electricity  with 
galvanism  tliat  they  are  now  regarded  as  the  same  force, 
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^Gt&g  6iily  in  tbe  degree  of  its  intensity  an<l  quantity, 
thongh  for  a  long  time  they  were  regarded  as  distinct. 

The  phenomenon  of  Bttraclion  and  repulsion  by  amber, 
which  originated  the  term  elfctricity,  is  as  unlike  that  of  the 
decomposition  of  water  by  the  voltaic  pile,  as  any  two  natural 
phenomena  can  well  be.  It  is  only  because  the  Imtorical 
Boqnenco  of  scientific  discoveries  has  associated  tbem  by  a 
number  of  intermediate  links,  that  they  are  classed  under  the 
same  cotegory.  Wliat  is  called  voltaic  electricity  might 
equally,  perhaps  more  appropriately,  be  called  voltaic  clicmis- 
Iry.  I  mention  these  facts  to  show  that  the  distinction  in  the 
name  may  frequently  be  much  greater  than  the  distinction  of 
the  snbject  which  it  represents,  and  vice  versfi,  not  as  at  all 
objecting  to  the  received  nomenclature  on  these  points  ;  nor 
do  I  Bay  it  would  be  advisable  to  depart  from  it :  were  wc  \o 
do  so,  inevitable  confusion  would  result,  and  objections 
equally  forcible  might  bo  found  to  apply  to  our  new  termi- 
nology. 

Words,  when  established  to  a  certain  point,  become  a 
port  of  the  social  mind ;  its  powers  and  very  existence  de- 
pend upon  the  adoption  of  conventional  symbols ;  and  were 
these  suddenly  departed  from,  or  varied,  according  to  indivi- 
dual apprehensions,  the  acquisition  and  transmission  of  knowl- 
edge would  ceaae.  Undoubtedly,  neolojry  is  more  permissi- 
ble in  physical  science  than  in  any  other  branch  of  knowledge, 
because  it  is  more  progressive ;  new  facie  or  new  relations 
require  new  names,  but  even  here  it  ahoold  be  used  with  great 
caution. 

6i  forte  necosec  est 
Ittdiciis  raonstraro  rooontibus  abdita  renim, 
Fingero  cicctntis  non  exaadita  Cethcgis, 
Ooutinget;  dabiturqao- licentia,  siunpta  padenter. 

Even  should  the  mind  ever  bo  led  to  dismiss  the  idea  of 
rariooB  forces,  and  regard  ibem  ae  the  exertion  of  one  force, 
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or  resolve  them  definitelj  into  motion ;  still  we  oonld  never 
avoid  the  use  of  different  conventional  terms  for  the  different 
modes  of  action  of  thir  one  pervading  force. 

Reviewing  the  series  of  relations  between  the  various 
forces  which  we  have  been  considering,  it  would  appear  that 
In  many  cases  where  one  of  these  is  excited  or  exists,  all  the 
others  are  also  set  in  action :  thus,  when  a  substance,  such  as 
sulphuret  of  antunonj,  is  electrified,  at  the  instant  of  electri« 
sation  it  becomes  magnetic  in  directions  at  right  angles  to  the 
lines  of  electric  force  ;  at  the  same  time  it  becomes  heated  to 
an  extent  greater  or  less  according  to  the  intensity  of  the 
electric  force.  K  this  intensity  be  exalted  to  a  certain  point 
the  sulphuret  becomes  luminous,  or  lighi  is  produced :  it  ex- 
pands, consequently  motion  is  produced ;  and  it  is  decomposed, 
therefore  chemical  action  is  produced.  K  we  take  another 
substance,  say  a  metal,  all  these  forces  except  the  last  are 
developed;  and  although  we  can  scarcely  apply  the  term 
mechanical  action  to  a  substance  hitherto  undecomposed,  and 
which,  under  the  circumstances  we  are  considering,  enters 
into  no  new  combination,  yet  it  undergoes  that  species  of 
polarisation  which,  as  far  as  we  can  judge,  is  the  first  step 
towards  chemical  action,  and  which,  if  the  substance  were 
decomposable,  would  resolve  it  into  its  elements.  Perhaps, 
indeed,  some  hitherto  undiscovered  chemical  action  is  pro- 
duced in  substances  which  we  regard  as  undecomposable : 
there  are  experiments  to  show  that  metals  which  have  been 
electrised  are  permanently  changed  in  their  molecular  consti- 
tution. Oxygen,  we  have  seen,  is  changed  by  the  electric 
spark  into  ozone,  and  phosphorus  into  allotropic  phosphorus, 
both  which  changes  were  for  a  long  time  unknown  to  those 
familiar  with  electrical  science. 

Thus,  with  some  substances,  when  one  mode  of  force  is 
produced  all  the  others  are  simultaneously  developed.  With 
other  substances,  probably  with  all  matter,  some  of  the  other 
forces  are  developed,  whenever  one  is  excited,  and  all  ma/  be 
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BO  WCK  tbe  matter  in  a  suitable  condidoa  for  their  develops- 
meot,  or  our  means  of  dcloctiog  tUcm  sut!icicnlly  delicate. 

Tliia  simultaneous  production  of  seycral  different  forcea 
eceras  at  first  sight  to  be  iireeoncileable  with  their  mutual  and 
neecssBiy  dependence,  and  it  certainly  presents  a  fonniilabla 
experimental  difficulty  in  the  way  of  establishing  their  equiv- 
alent relations ;  but  when  examined  closely,  it  is  not  ia  fact 
inconBistcut  with  the  views  we  have  been  considering,  but  Is 
indeed  a  strong  argument  in  favour  of  the  Iheor;  which  ro 
gards  them  as  modes  of  motion. 

Let  ns  select  one  or  two  c^ses  in  which  this  form  of  ob 
joction  may  be  prominently  put  forward.  A  voltaic  battery 
decomposing  water  in  a  vollamcter,  while  the  same  current  ' 
is  employed  at  the  same  time  to  make  an  electro-magnet, 
gives  nevertheless  in  the  voltameter  an  equivalent  of  gns,  or 
decomposes  an  equivalent  of  on  electrolyte  for  each  equiva- 
lent of  chemical  decomposition  in  the  battety  cells,  and  will 
^ve  the  same  ratios  if  the  electro-magnet  be  removed.  Here, 
at  first  sight,  it  would  appear  that  the  magnetism  was  an  cx- 
'  tra  force  produced,  and  that  thus  more  than  the  equivalent 
power  was  obtained  from  tlio  battery.  In  answer  to  tlils 
objection  it  may  bo  said,  tliat  in  the  circumstances  under 
which  this  experiment  is  ordinarily  performed,  several  cells 
of  the  battery  are  used,  and  so  there  is  a  far  greater  amount 
of  force  generated  in  the  cells  than  is  indicated  by  the  efi'oct 
in  the  voltameter.  If,  moreover,  the  magnet  be  not  inter- 
posed, still  tlie  magnetic  tbrce  is  equally  existent  throughout 
the  whole  current  j  for  instance,  the  wires  joining  the  plates 
will  attract  iron  filings,  deflect  magnetic  needles,  &c.,  and 
produce  diamognetic  eflccts  on  surrounding  matter.  By  the 
iron  core  a  small  portion  of  the  force  is,  indeed,  absorbed 
v)hile  it  is  being  made  a  magnet,  but  this  ceases  to  be  ab- 
sorbed when  the  magnet  is  made  ;  this  Las  been  proved  by 
the  observation  of  Mr.  Latimer  Clarke,  who  has  found  tliat 
Along  the  wires  of  the  electric  telcgraiih  the  magnetic  needles 
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Pl«^  »t  different  »t.tKni«  naMined  ftxed  .fter  the  -™, 
with  the  b.tt«yw«  .n^,  ^  ^Ule  tfelj^LTL--- 

«rt  rf  Uyden  pluJ  WM  foni«^  ;  bat  M  BOoTlrfh-      ■ 
lion  h«d  prodticed  h.  effect  between  each  st^onT^'^J^ 
■pMk,  the  phi«l  w«  charged,  the  lieedle.  floccewi^  !1^ 
ddlected:  Ui.  like  the  ca»  of  .pnney  and  weight,  wbLTlT? 
tar  exhaiWa  force  while  it  is  being  raised ;  but  whexTiSJed 
the  force  is  free,  and  may  be  used  for  other  pnrposcs    ^^®*^ 
If  a  battery  of  one  ceD,  jnst  capable  of  decompoai^  w«er 
god  no  more,  bo  employed,  this  win  cease  to  decompoee  whil 
puiking  a  magnet.     There  nraet,  in  every  case,  be  prepoi^ 
derating  chemical  affinity  in  the  battery  cells,  either  by  the 
oatore  of  it«  elements  or  hy  the  rednplication  of  series    to 
effect  decomposition  in  the  voltameter ;  and  if  the  point  is 
just  reached  at  which  this  is  effected,  and  the  power  is  then 
reduced  by  any  reaisUDce,  decomposition  ceases :   were  it 
otherwise,  were  flie  decomposition  in  the   voltameter  the 
exponent  of  the  entire  force  of  the  generating  cells,  and  these    ' 
could   independently  prodnce    magnetic    force,    this    latter 
force  would  ho  got  from  nothing,  and  perpetual  motion  be 
obuined. 

To  take  another  and  different  example ;  A  piece  of  zinc 

dissolved  in  dUuto  sulphuric  acid  gives  somewhat  less  heat  than 

when  the  zinc  has  a  wire  of  platinum  aUached  to  it,  and  is 

dissolved  by  the  same  quantity  of  acid.     The  argument  is 

deduced  tliat,  as  there  is  more  electricity  in  the  second  than 

in  the  first  case,  there  should  be  less  heat ;  hnt  as,  according 

to  our  received  theories,  the  heat  is  a  product  of  the  electric 

current,  and  in  consequence  of  Oie  impurity  of  zinc  cleetrici- 

ty  is  cencratcd  in  the  first  case  molecularly,  in  what  is  called 

■ol    action,    tliough   not  thrown  into  a  general  direction, 

fo  should  be  more  of  both  heat  and  deetricity  in  the  see- 

l  than  in  the  flrat  caw,  as  the  heat  and  electricity  due  lo 
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I  Tolt^c  combination  of  zinc  and  platinum  ore  added  to 
tliat  excited  on  Ihe  surface  of  the  zinc,  and  the  ztuc  ehould  bo, 
as  in  fact  it  is,  more  rapidly  dissolved ;  so  that  the  extra  heat 
and  electricity  ia  produced  by  extra  chemical  force.  Many 
additional  cases  of  a  gimilar  description  might  be  suggested. 
But  olibough  it  is  difficult,  and  perhaps  impossible,  to  restrict 
the  action  of  any  one  force  to  the  production  of  one  other 
force,  and  of  one  only — ^yet  if  the  wliolo  of  one  force,  say 
chemical  action,  be  supposed  to  be  employed  in  producing  its 
fall  equivalent  of  another  force,  say  heat,  then  aa  this  heat  is 
capable  in  its  tura  of  reproducing  chemical  action,  and  in  the 
limit,  a  quantity  equal  or  at  least  only  infinitely  short  of  the 
initial  force  :  if  this  could  at  the  same  time  produce  indepen- 
dently another  force,  Bay  magnetism,  wo  could,  by  adding 
the  magnetism  lo  the  total  heat,  get  more  thou  the  original 
chemical  action,  and  thus  create  force  or  obtain  perpctiml 
motion. 

The  term  Correlation,  which  I  selected  as  the  title  of  ray 
Lectures  in  1843,  strictly  interpreted,  means  a  necessary 
inalnal  or  reciprocal  dependence  of  two  ideas,  inseparable 
even  in  mental  conception  :  thus,  tho  idea  of  height  cannot 
exist  without  involving  the  idea  of  its  correlate,  depth;  the 
idea  of  parent  cannot  exist  without  invoU'ing  tJie  idea  of  off- 
spriag.  It  has  been  scarcely,  if  at  all,  used  by  wril«rB  on 
physics,  but  there'  are  a  vast  variety  of  physical  relatious  lo 
which,  if  it  does  not  in  its  strictest  orij^'inol  sense  apply, 
cannot  certainly  be  ao  well  expressed  by  any  other  term. 
There  are,  for  example,  many  facta,  one  of  which  cannot  take 
place  without  involving  the  other  ;  one  arm  of  a  lever  can- 
not be  depressed  without  the  other  being  elevated — the  finger 
cannot  press  the  table  witliout  the  table  pressing  Ibo  finger. 
A  body  cannot  be  healed  without  anolbor  being  cooled,  or 
some  other  force  being  cihaustcd  iu  an  equivalent  ratio  to 
the  production  of  heat ;  a  body  eanuot  ho  positively  elec- 
trified without  some  other  body  being  negatively  ulectri- 
llcd,  &c. 
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The  probability  is,  that,  if  not  all,  the  greater  number  of 
physical  phenomena  are  oorrelative,  and  that,  withont  a 
dualitj  of  conception,  the  mind  cannot  form  an  idea  of  them : 
thus  motion  cannot  be  perceived  or  probably  imagined  with- 
out  parallax  or  relative  change  of  position.  The  world  was 
believed  fixed,  until  by  comparison  with  the  celestial  bodies, 
it  was  found  to  change  its  place  with  regard  to  them :  had 
there  been  no  perceptible  matter  external  to  the  world,  we 
should  never  have  discovered  its  motion.  In  sailing  along  a 
river,  the  stationary  vessels  and  objects  on  the  banks  seem 
to  move  past  the  observer :  if  at  last  he  arrives  at  the  convic- 
tion that  he  is  moving,  and  not  these  objects,  it  is  by  oorrect- 
ing  his  senses  by  reflection  derived  £x>m  a  more  extensive 
previous  use  of  them :  even  then  he  can  only  form  a  notion 
of  the  motion  of  the  vessel  he  is  in,  by  its  change  of  position 
with  regard  to  the  objects  it  passes — that  is,  provided  his 
body  partakes  of  the  motion  of  the  vessel,  which  it  only  does 
when  its  course  is  perfectly  smooth,  otherwise  the  relative 
change  of  position  of  the  diflerent  parts  of  the  body  and  the 
vessel  inform  him  of  its  alternating,  though  not  of  its  pro- 
gressive movement.  So  in  all  physical  phenomena,  the  effects 
produced  by  motion  are  all  in  proportion  to  the  relative  mo- 
tion :  thus,  whether  the  rubber  of  an  electrical  machine  be 
statioDary,  and  the  cylinder  mobile,  or  the  rubber  mobile  and 
the  cylinder  stationary,  or  both  mobile  in  different  directions, 
or  in  the  same  direction  with  different  degrees  of  velocity, 
the  electrical  effects  are,  casteris  paribus y  precisely  the  same, 
provided  the  relative  motion  is  the  same,  and  so,  without  ex- 
ception, of  all  other  phenomena.  The  question  of  whether 
there  can  be  absolute  motion,  or,  indeed,  any  absolute  isolated 
force,  is  purely  the  metaphysical  question  of  idealism  or  real- 
ism— a  question  for  our  purpose  of  little  import ;  sufficient 
for  the  purely  phy3ical  inquirer,  the  maxim '  de  non  ajpparenii* 
hu8  et  non  existeniibus  eadem  est  rcUto,' 

The  sense  I  have  attached  to  the  word  correlation,  in 
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trMtuig  of  phyBical  pbenomena,  will,  I  think,  be  evident  from 
the  previous  parts  of  tliin  essay,  to  be  that  of  a  necesBai? 
reciprocal  production  :  in  oiLcr  words,  that  any  force  ciipaUia 
of  producing  another  may,  in  its  turn,  be  produced  by  it- 
nay,  more,  can  be  itaelf  resisted  by  the  force  it  produces,  in 
proportion  to  the  energy  of  auch  produclioo,  oa  action  is  ever 
accompanied  and  resistud  hy  reaction :  thus,  the  action  cf  an 
clectro-magnelic  machine  is  reacted  upon  by  the  magneto 
electriPity  developed  by  its  action. 

To  many,  however,  of  the  cases  we  have  been  consider- 
iag,  the  term  coirclnlioa  may  be  applied  in  a  more  strict 
accordance  with  its  origiaal  sense :  thus,  with  regard  to  the 
forces  of  electricity  and  magnctiam  in  a  dyoaniic  stale,  we 
cannot  electrise  a  subatance  without  magnetising  it — we  can- 
not magnotiso  it  without  electrising  it : — each  molecule,  the 
instant  it  is  affected  by  one  of  these  forces,  is  affected  by  the 
oUicr ;  but,  in  transverse  directions,  the  forces  arc  insepara- 
ble and  mutually  dependent — correlative,  but  not  identical. 

The  evolution  of  one  force  or  mode  of  force  tnlo  another 
has  induced  many  to  regard  all  the  diffen-nt  natural  agencies 
AS  reducible  to  unity,  aud  as  resulting  from  one  force  which 
is  the  efficient  cause  of  all  the  others :  thus,  one  author  writes 
to  prove  that  electricity  is  the  cause  of  every  change  in 
matter ;  another,  that  chemical  ac-lion  is  the  cause  oi'  every- 
thing !  another,  that  beat  is  the  universal  cause,  and  so  on. 
if ,  as  I  have  stated  it,  the  true  expression  of  the  fact  is,  that 
each  mode  of  force  is  capable  of  producing  the  others,  and 
that  none  of  them  can  be  produced  but  by  some  other  as  an 
anterior  force,  then  any  view  which  regards  cither  of  them  as 
Bbstractcdly  the  efficient  cause  of  all  the  rest,  is  erroneous  ; 
the  view  has,  I  believe,  arisen  from  a  confusion  between  the 
abstract  or  generalised  meaning  of  the  term  cause,  and  its 
eoncrete  ur  special  sense ;  the  word  itself  being  indiscrimi- 
nately used  in  both  llioso  senses. 

Another  confusion  of  terms  Las  arisen,  and  has,  indued. 
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much  embarrassed  me  in  enmiciating  the  propositioiis  pot 
forth  in  these  pages,  on  account  of  the  imperfection  of  scien- 
tific language ;  an  imperfection  in  great  measure  unavoidable, 
it  is  true,  but  not  the  less  embarrassing.  Thus,  the  words 
light,  heat,  electricity,  and  magnetism,  are  constantlj  used  in 
two  senses— yiz.  that  of  the  force  producing,  or  the  subject* 
ive  idea  of  force  or  power,  and  of  the  effect  produced,  or  tlie 
objective  phenomenon.  The  word  motion,  indeed,  is  only 
applied  to  the  effect,  and  not  to  the  force,  and  the  term  chem- 
ical affinity  is  generally  applied  to  the  force,  and  not  to  the 
effect ;  but  the  other  four  terms  are,  for  want  of  a  distinct 
terminology,  applied  indiscriminately  to  both. 

I  may  have  occasionally  used  the  same  word  at  one  time 
in  a  subjective,  at  another  in  an  objective  sense ;  all  I  can 
say  is,  that  this  cannot  be  avoided  without  a  neology,  which 
I  have  not  the  presumption  to  introduce,  or  the  authority  to 
enforce.  Again,  the  use  of  the  term  forces  in  the  plural 
might  be  objected  to  by  those  who  do  not  attach  to  the  term 
force  the  notion  of  a  specific  agency,  but  of  one  universal 
power  associated  with  matter,  of  which  its  various  phenom* 
ena  are  but  diversely  modified  effects. 

Whether  the  imponderable  agents,  viewed  as  force,  and 
not  as  matter,  ought  to  be  regarded  as  distinct  forces  or  as 
distinct  modes  of  force,  is  probably  not  very  material,  for,  as 
far  as  I  am  aware,  the  same  result  would  follow  either  view ; 
I  have  therefore  used  the  terms  indiscriminately,  as  either 
happened  to  be  the  more  expressive  for  the  occasion. 

Throughout  this  essay  I  have  placed  motion  in  the  same 
category  as  the  other  affections  of  matter.    The  course  of 
reasoning  adopted  in  it,  however,  appears  to  me  to  lead  inev- 
itablv  to  the  conclusion  that  these  affections  of  matter  are 
ives  modes  of  motion ;  that,  as  in  tlio  case  of  friction, 
IS  or  palpable  motion,  which  is  arrested  by  the  con- 
mother  body,  is  subdivided  into  molecular  motions  or 
QSi  which  vibrations  are  heat  or  electridtyi  as  the 
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ease  may  be ;  bo  the  other  affectionB  are  only  matter  movod 
or  molecularly  agilafed  in  cerlain  deliailo  dirotlioas.  Wa 
have  already  considered  the  hypothesis  that  the  paeeago  of 
electricity  and  magnetism  causes  Tibralioos  in  an  ether  per- 
meating the  bodies  through  wbieh  the  current  ia  transmitted, 
or  the  application  of  the  same  ethereal  hypothesis  to  these 
inipoBderables  which  bad  prcvionsly  been  applied  to  light ; 
many,  in  spealdng  of  some  of  the  elTects,  admit  that  electri- 
city and  magnetism  cause  or  produce  by  their  passage  vibrOf 
tioDS  in  the  particles  of  matter,  but  regard  the  vibrations 
produced  as  an  occasional,  thongh  not  always  a  necessary, 
eB'ect  of  the  passage  of  electricity,  or  of  the  increment  or 
decrement  of  magnetism.  The  view  which  I  bare  taken  is, 
tliat  Buch  vibralioaa,  molecular  polariaaliona,  or  motions  of 
some  sort  &om  particle  to  particle,  are  themselves  electricity 
or  magnetism  ;  or,  to  express  it  in  tbe  conTersc,  that  dj^amic 
electricity  and  magnetism  are  themselves  motion,  and  that 
permanent  magnetism,  and  FraoklLnic  electricity,  are  static 
condilioDS  of  force  bearing  a  similar  relation  to  motion  wbich 
tension  or  gravitation  do. 

This  theory  might  well  be  discussed  in  greater  detail 
Hian  has  been  used  in  this  work ;  bnt  to  do  this  and  to  anti- 
cipate objections  would  load  into  specialities  foreign  to  my 
present  object,  in  tbe  coarse  of  this  essay  mj  principal  aim 
having  been  rather  to  show  the  relation  of  forces  as  evinced 
by  ncknowlodgod  fact«,  than  to  enter  upon  any  detailed  ex- 
planatioa  of  their  specific  modes  of  action. 

Probably  man  will  never  know  the  ultunate  struutore  of 
matter  or  the  miuntim  of  molecular  actions ;  indeed  it  is 
Beoreely  cooceivable  that  the  mind  can  ever  attain  to  this 
knowledge ;  tbe  monad  irreaolvablo  by  a  given  microscope 
moy  be  resolved  by  an  iucrease  in  power.  Mucli  harm  boa 
already  been  done  by  attempting  hypothcticaUy  to  dissect 
matter  and  to  dJacnss  the  slinpcs,  sizes,  and  numbers  of  at 
oms,  and  their  atmospheres  of  heat,  ether,  or  electricity. 
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Wlietlier  the  regarding  ekctricitj,  h^d,  magnetism^  Jka*, 
M  simplj  motioDB  of  ordinary  matter,  be  or  be  not  •ilmi—i 
ble,  certain  it  ia,  that  all  past  theories  bare  resolyed,  and  aD 
exinting  theories  do  resolve,  the  actions  of  these  forces  into 
motion.  Whether  it  be  that,  on  accomit  of  oar  fiuniliaritj 
with  motion,  we  refer  other  affections  to  it,  as  to  a  langnaga 
which  is  most  easilj  constroed  and  most  capable  of  expJaiop 
ing^them ;  whether  it  be  that  it  is  in  realilj  the  onlj  mode  in 
which  oar  minds,  as  contradistingaished  from  oor  senses,  are 
able  to  conceive  material  agencies ;  certain  it  is,  that  nnee 
the  period  at  which  the  mystic  notions  of  spiritoal  or  preter- 
nataral  powers  were  applied  to  account  for  physical  phenooH 
ena,  all  hypotheses  framed  to  explain  them  have  resolved 
them  into  motion.  Take,  for  example,  the  theories  of  light 
to  which  I  have  before  alluded :  one  of  these  supposes  light 
to  bo  a  highly  rare  matter,  emitted  frt>m — i.  e.  put  in  motion 
by— luminous  bodies ;  a  second  supposes  that  the  matter  is 
not  emitted  from  luminous  bodies,  but  that  it  is  put  into  a 
state  of  vibration  or  undulation,  L  c.  motion^  by  them ;  and 
thirdly,  lij^ht  may  bo  regarded  as  an  undolation  or  motion  of 
ordinary  matter,  and  propagated  by  undulation  of  air,  glass, 
&c.,  OS  I  have  before  stated.  In  all  these  hypotheses,  matter 
and  motion  are  the  only  conceptions.  Nor,  if  we  accept 
terms  derived  from  our  own  sensations,  the  which  sensations 
tlicmsolvcs  may  bo  but  modes  of  motion  in  tho  nervous  fili^ 
motits,  can  wo  find  words  to  describe  phonomena  other  than 
those  oxprossivo  of  matter  and  motion.  Wo  in  vain  straggle 
to  oscf^  from  tlicso  ideas ;  if  we  over  do  so,  our  mental 
powers  must  undergo  a  change  of  which  at  present  wo  see 
no  prospect. 

If  wo  apply  to  any  other  force  tho  mode  of  reasoning 
which  wo  have  applied  to  heat,  wo  shall  arrive  at  tho  same 
conclusion,  and  see  tliat  a  given  source  of  power  can,  sup- 

'ing  it  to  bo  fully  utilised  in  each  case,  yield  no  more  by 
loying  it  as  an  exciter  of  ono  force  than  of  another.    Let 
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OS  take  electricity  aa  an  example.  Suppose  a  ponnd  of  mer- 
ctiiy  at  400"  be  employed  to  produce  a  tliermo-electric  cur 
rent,  and  tLo  latter  bo  in  its  turn  employed  to  produce  me- 
chanical force  ;  if  this  latter  force  be  greater  than  that  which 
the  direct  effect  of  heat  would  produce,  then  it  coidd  hy  com- 
pression raise  the  temperature  of  the  mercury  ilaelf,  or  of  a 
Bimilar  quantity  equally  heated,  to  a  higher  point  than  its 
original  temperature,  the  400°  to  401°,  for  example,  which 
is  obviously  impoaaible ;  nor,  if  we  admit  force  to  bo  inde- 
structible, can  it  produce  leaa  than  400^,  or  cool  the  second 
body  except  by  some  portion  of  it  being  converted  into 
another  form  or  moile  of  force. 

But  ns  the  mechanical  eifect  here  is  produced  through  the 
medium  of  electricity,  and  the  mechanical  efibct  ia  definite, 
BO  the  qnautity  of  electricity  producing  it  muBt  be  definite 
also,  for  unequal  quantities  of  electricity  cotild  only  produce 
an  equal  niechanical  effect  by  a  losa  or  gain  of  their  own 
force  into  or  out  of  nothing.  The  same  rcaaoning  will  apply 
to  the  other  forces,  and  will  lead,  it  appears  to  me,  necesaa- 
rily  and  inevitably  to  the  conclusion,  Uiat  each  force  ia  defi- 
nitely and  equivaleully  coavortlhlo  inlo  any  other,  and  that 
where  experiment  does  not  givo  tho  full  equivalent,  it  is  be- 
cause the  initial  force  has  been  dissipated,  not  lost,  by  con- 
version into  other  unrecognised  forces.  The  equivalent  ia  lie 
limit  never  praciically  reached. 

The  great  problem  which  remains  to  he  solved,  in  regard 
to  the  correlation  of  physical  forces,  ia  this  establishment  of 
their  eqaivalenld  of  power,  or  their  meoaurablo  relation  to  a 
given  standard.  TIio  progress  made  iu  some  of  the  branches 
of  this  inquiry  haa  been  already  noticed.  Viewed  in  their 
static  rplalions,  or  iu  tlie  conditions  requisite  for  producing 
eiguilibrium  or  quantitative  equality  of  force,  a  remarkable 
relation  between  diomical  affmity  and  heat  ia  that  diaeorcred 
in  many  simjile  bodies  by  Dulong  and  Petit,  and  extended  to 
compounds  by  Neumann  and  Avo^dro.     Their  researches 
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have  shown  that  the  specific  heats  of  certain  snbatanoesj 
when  multiplied  bj  their  chemical  equivalents,  give  a  con- 
stant quantity  as  product— or,  in  other  words,  that  the  com^ 
bining  weights  of  such  substances  are  those  wei^ts  which 
require  equal  accessions  or  abstractions  of  heat,  equally  to 
raise  or  lower  their  temperature.  To  put  the  pn^M)eition 
more  in  accordance  with  the  yiew  we  have  taken  of  the  ni^ 
ture  of  heat :  each  body  has  a  power  of  communicating  or 
receiying  molecular  repulsive  power,  exactly  equal,  weight 
for  weight,  to  its  chemical  or  combining  power.  For  in- 
stance, the  equivalent  of  lead  is  104,  of  zinc  33,  or,  in  round 
numbers,  as  3  to  1 :  these  numbers  are  therefore  inversely 
the  exponents  of  their  chemical  power,  three  times  as  nrach 
lead  as  zinc  being  required  to  saturate  the  same  quan- 
tity of  an  acid  or  substance  combining  with  it;  but  their 
power  of  conmiunicating  or  abstracting  heat  or  repulsive 
power  is  precisely  the  same,  for  three  times  as  much  lead  as 
zinc  is  required  to  produce  the  same  amount  of  expansion  or 
contraction  in  a  given  quantity  of  a  third  substance,  such  as 
water. 

Again,  a  grea^.  number  of  bodies  chemically  combine  in 
equal  volumes,  i.  c.  in  the  ratios  of  their  specific  gravities ; 
but  the  specific  gravities  represent  the  attractive  powers  of 
the  substance,  or  are  the  numerical  exponents  of  the  forces 
tending  to  produce  motion  in  masses  of  mattei;^  towards  each 
other ;  while  the  chemical  equivalents  are  the  exponents  of 
the  affinities  or  tendencies  of  the  molecules  of  dissimilar  sub- 
stances to  combine,  and  saturate  each  other ;  consequently, 
here  we  have  to  some  extent  an  equivalent  relation  between 
these  two  modes  of  force — ^gravitation  and  chemical  attrac 
tion. 

Were  the  above  relations  extended  into  an  universal  law, 
we  should  have  the  same  numerical  expression  for  the  three 
forces  of  heat,  gravity,  and  affinity ;  and  as  electricity  and 
magnetism  are  quantitatively  related  to  them,  we  should  have 
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B  Bunilar  expresBion  for  these  forces :  bat  at  present  the  bod- 
ies ia  which  (Ilia  parity  of  fort-e  lias  Ireen  discovered,  though 
in  Lhemaclvea  numerous,  are  small  compared  with  the  excep- 
tions, and,  therefore,  this  point  can  only  he  indicated  as  prom- 
ising a  generalisation,  should  subsequent  researches  alter  our 
knowledge  as  to  the  elcmeuts  and  combining  equivalents  of 
mutter. 

With  regard  to  what  may  ha  called  dynamic  equivalents, 
i.  e.  the  dctinito  relation  to  time  of  the  action  of  these  varied 
forces  upon  equivalents  of  matter,  the  diflicully  of  eBtablish- 
ing  lliem  ia  still  greater.  If  the  propoaition  which  I  stated 
at  the  commencement  of  this  paper  bo  correct,  Iliat  motion 
may  be  subdivided  or  changed  in  character,  so  as  to  become 
heat,  electricity,  &c.,  it  ought  to  follow  that  when  we  collect 
the  dissipated  and  changed  forces,  and  reconvert  tlicm,  the 
initial  niolion,  minus  an  infinitesimal  quantity  afiecting  the 
same  amount  of  mutter  with  the  same  velocity,  should  be  ro- 
proiluccd,  and  so  of  the  changes  in  matter  produced  by  the 
other  forces;  but  the  ilifficullies  of  proving  the  truth  of  this 
by  experiment  will,  in  many  cases,  be  all  but  inaujMrable ; 
wc  cannot  imprison  motion  as  we  can  matter,  though  we  may 
to  some  extent  restrain  its  direction. 

The  term  perpetual  motion,  which  I  have  not  unfrequent- 
ly  employed  in  tiicse  pages,  ia  itself  equivocal.  If  the  doc- 
trines here  advanced  bo  founded,  all  motion  is,  in  ono  sense, 
perpetual.  In  maascs  whose  motion  is  slopped  by  mutual 
concussion,  heat  or  motion  of  the  particles  ia  generated  ;  and 
thus  the  motion  continues,  so  that  if  we  could  venture  to  extend 
such  thoughts  to  the  universe,  we  should  aseumo  the  same 
amount  of  motion  affecting  the  same  amount  of  matter  forever. 
Where  force  opposes  force,  as  in  cases  of  slatio  equilibrium, 
the  balance  of  pre-esisl.ing  equilibrium  is  affected,  and  tresb 
motion  is  stArted  equivalent  to  that  which  ia  withdrawn  into 
m  state  of  abeyance. 

But  Hie  term  perpetual  motion  is  apphcd,  in  ordinary  par- 
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lance  (and  in  snjch  sense  I  have  nsedit),  to  a  peipetoal reemv 
rent  motion,  e.g.  a  weight  wliich  bj  its  fall  would  torn  a 
wheel,  which  wheel  would,  in  its  torn,  raise  the  initial  weight, 
and  so  on  foreyer,  or  until  the  material  of  which  the  machine 
18  made  be  worn  out.  It  is  strange  that  to  conmion  appre- 
hension the  impossibilitj  of  this  is  not  self-evident :  if  the  in- 
itial  weight  is  to  be  raised  bj  the  force  it  has  itself  generated, 
it  must  necessarilj  generate  a  force  greater  than  that  of  its 
own  weight  or  centripetal  attraction ;  in  other  words,  it  must 
be  capable  of  raising  a  weight  heavier  than  itself:  so  that, 
setting  aside  the  resistance  of  friction,  &c.,  a  weight,  to  pro- 
duce perpetual  recurrent  motion,  must  be  heavier  than  an 
equal  weight  of  matter,  in  short,  heavier  than  itself. 

Suppose  two  equal  weights  at  each  end  of  an  equi-armed 
lever,  there  is  no  motion ;  cut  off  a  fraction  of  one  of  them, 
and  it  rises  while  the  other  falls.  How,  now,  is  the  lesser 
weight  to  bring  back  the  greater  without  anj  extraneous  ap- 
plication of  force  ?  If ,  as  is  obvious,  it  cannot  do  so  in  this 
simple  form  of  experiment,  it  is  d  fortiori  more  impossible  if 
machineiy  be  added,  for  increased  resistances  have  then  to 
be  overcome.  Can  we  again  mend  this  by  employing  any 
other  force?  Suppose  we  employ  electricity,  the  initial 
weight  in  descending  turns  a  cylinder  against  a  cushion,  and 
so  generates  electricity ;  to  make  this  force  recurrent,  the 
electricity  so  generated  must,  in  its  turn,  raise  the  initial 
weight,  or  one  heavier  than  it,  i.  e.  the  initial  weight  must, 
through  the  medium  of  electricity,  raise  a  weight  heavier  than 
itself.  The  same  problem,  applied  to  any  other  forces,  will 
involve  the  same  absurdity :  and  yet  simple  as  the  matter 
seems,  the  world  is  hardly  yet  disabused  of  an  idea  little  re- 
moved from  superstition. 

But  the  importance  of  the  deductions  to  be  derived  from 
the  negation  of  perpetual  motion  seems  scarcely  to  have  im* 
pressed  philosophers,  and  we  only  find  here  and  there  a  scat- 
tered hint  of  the  consequences  necessarily  resulting  frt>m  that 
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wfaidi  to  the  thinking  mind  is  n  conriction.  Some  of  these 
I  hare  ventured  to  put  forvcard  in  the  present  essay,  but 
many  remnin,  and  will  crowd  upon  the  nuud  of  those  -who 
pursue  the  subject.  Doea  not,  for  instance,  the  impossibility 
of  perpetual  motion,  when  thought  out,  involve  the  demon- 
stration of  tlie  impoBsibility,  to  which  I  have  previously  allud- 
ed, of  any  event  identically  recurring? 

The  pendulum  in  vacuo,  at  each  boat  leaves  a  portion  of 
the  force  which  started  it  in  the  form  of  heat  at  its  point  of 
Buspension :  this  force,  though  ever  existent,  can  never  be  re- 
Blored  in  its  integri^  to  the  ball  of  the  pendulum,  for  in  the 
process  of  restoration  it  must  affect  other  matter,  and  alter 
the  condition  of  the  universe.  To  restore  the  mitial  force  to  jta 
inlegrity,  everything  as  it  existed  at  the  moment  of  the  first 
beat  of  the  pendulum  most  ho  restored  in  its  integrity :  but 
how  can  this  he — for  while  the  force  waa  escaping  from  the 
pendulum  by  radiating  heat  from  the  point  of  suspension, 
surrounding  matter  has  not  stood  still ;  the  very  attraction 
which  caused  the  beat  of  the  pendulum  hna  changed  in  degree, 
for  the  pendulum  is  nearer  to  or  further  from  the  sun,  or 
from  some  planet  or  fixed  star. 

It  might  be  an  interesting  and  not  profitless  spcculalion 
to  follow  out  these  and  other  consequences ;  it  would,  I  be- 
lieve, lead  us  to  the  conviction  that  the  universe  is  ever 
changing,  and  that  notwithstanding  secular  recurrences  which 
would  primA  fade  seem  to  replace  matter  in  its  original  posi< 
tion,  nothing  in  fact  ever  returns  or  can  return  to  a  state  of 
existence  identical  with  a  previous  state.  But  the  field  is  too 
illimitable  for  mc  to  venture  further. 

The  inevitable  dissipation  or  tlirowing  off  a  portion  of 
the  initial  force  presents  a  great  experimental  difficiiliy  in  the 
way  of  catablishing  tJio  equivalents  of  the  various  naturnl 
furecs.  In  the  steam-engine,  for  instance,  the  heat  of  the 
furnace  cot  only  expands  the  water  and  thereby  produces  the 
motion  of  ihe  piston,  but  it  also  expands  the  iron  of  the  boil- 
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er,  of  the  cylinder  and  all  emrroimding  bodies.  The  foroe 
pended  in  expanding  this  iron  to  a  very  small  extent  is  equal 
to  that  which  expands  the  vapour  to  a  very  large  extent :  thin 
expansion  of  the  iron  is  capable,  in  its  turn,  of  producing  a 
great  mechanical  force,  which  is  practically  lost.  Could  aJl 
the  force  be  applied  to  the  vapour,  an  enormous  addition  of 
power  would  be  gained  for  the  same  expenditure :  and  peiw 
haps  even  with  our  present  means  more  might  be  done  in 
utilising  the  expansion  of  the  iron. 

Another  great  difficulty  in  experimentally  ascertaining  the 
dynamic  equivalents  of  different  forces  arises  from  the  effects 
of  disruption,  or  the  overcoming  an  existing  force.  Thus, 
when  a  part  of  the  initial  force  employed  is  engaged  in  twist- 
ing or  tearing  asunder  matter  previously  held  together  by 
cohesive  attraction,  or  in  overcoming  gravitation  or  inertia, 
tlie  same  amount  of  heat  or  electricity  would  not  be  evolved 
as  if  such  obstacle  were  non-existent,  and  the  initial  force 
were  wholly  employed  in  producing,  not  in  opposing.  There 
is  a  difficulty  apparently  extreme  in  devising  experiments 
in  which  some  portion  of  the  force  is  not  so  employed. 

The  initial  force,  however,  that  has  been  employed  for  such 
disruption  is  not  lost,  as  at  the  moment  of  disruption  the 
bodies  producing  it  fly  off,  and  carry  with  them  their  force. 
Thus,  let  two  weights  be  attached  to  a  cord  placed  across  a 
bar ;  when  their  force  is  sufficient  to  break  the  cord  or  the 
bar,  the  weights  fall  down  and  strike  the  earth,  making  it 
vibrate,  and  so  conveying  away  or  continuing  the  force  ex- 
pressed by  tlie  cohesion  of  the  bar  or  cord.  If,  instead  of 
breaking  a  cord,  the  weights  be  employed  to  bond  a  bar,  their 
gravitating  force,  instead  of  making  the  earth  vibrate,  pro- 
duces heat  in  the  bar,  and  so  with  whatever  other  force  be 
employed  to  produce  effects  of  disruption,  torsion,  &c.,  so 
st,  tliougli  difficult  in  practice,  the  numerical  problem  of 

equivalent  of  the  force  is  not  theoretically  irresolvable 

The  voltaic  battery  affords  us  the  best  means  of  ascertain- 
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iogUiedynamiceqiiivaleDtsof  different  forces,  audit  is  probable 
that  b^  )(8  aid  the  best  theoretical  and  practical  results  will  be 
ulliinatelj  attained. 

In  inTCBtigating  the  relation  of  the  dlQerent  forces,  I  have 
in  turn  takea  each  ono  as  the  initial  force  or  starting-point, 
ood  endeavoaral  to  show  bow  the  force  thus  arbitrarily  se- 
leuted  could  mediately  or  immediately  produce  and  be  merged 
into  the  others :  but  it  will  be  obvious  to  those  who  have  at- 
tentively considered  the  subject,  and  brought  their  minds  into 
a  geoeral  accordance  with  the  views  I  have  submitled  to  them, 
that  no  force  can,  strictly  speaking,  bo  initial,  as  there  must 
be  some  anterior  force  which  produced  it :  we  cannot  crcat« 
force  or  motion  any  more  than  wc  can  create  matter. 

Thus,  to  take  an  example  previously  noticed,  and  recede 
backwards ;  the  spark  of  light  is  produced  by  electricity, 
eluctricity  by  motion,  and  motion  is  jiroducod  by  something 
else,  say  a  steam-engine — that  is,  by  heat.  This  heat  is  pro- 
duced by  chemical  affinity,  i.e.  the  aOinity  of  the  carbon  of 
the  coal  for  the  oxygen  of  the  air :  this  carbon  and  this  oxj' 
gen  have  been  previously  eliminated  by  actions  difficult  to 
trace,  bat  of  the  pre-existeoco  of  which  we  cannot  doubl, 
and  ia  which  actions  we  should  find  ihc  conjoint  and  al- 
ternating effects  of  beat,  light,  chemical  alBnity,  &c.  Thus, 
tracing  any  force  backwards  to  its  antecedents,  wo  are  merged 
in  an  infinity  of  ehangiug  forms  of  force ;  at  some  point  we 
lose  it,  not  because  it  has  been  in  fact  created  at  any  definite 
point,  but  because  it  resolves  itself  into  so  many  contributing 
forces,  that  the  evidence  of  it  is  lost  to  our  senses  or  powers 
of  detection ;  just  as  in  following  it  forward  into  the  effect  it 
produces,  it  becomes,  as  I  have  before  slated,  so  subdivided 
and  dissipated  as  to  be  equally  lost  to  our  means  of  detection. 

Can  wc.  indeed,  suggest  a  proposition,  definitoly  conceiv- 
able by  the  mind,  of  force  without  aniocedeiit  force  ?  I  can- 
nol,  without  calling  for  the  interposition  of  crcatod  power, 
any  more  tlian  I  can  conceive  the  sudden  appearance  of  a 
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mass  of  matter  come  from  nowhere,  and  formed  from  noCiiP 
ing.  The  impossibilitj,  homanlj  speaking,  of  creating  oor 
annihilating  matter,  has  long  been  admitted,  though,  peihaps, 
its  distinct  reception  in  philosophy  maj  be  set  down  to  the 
overthrow  of  the  doctrine  of  Phlogiston,  and  the  reformation 
of  chemistry  at  the  time  of  Lavoisier.  The  reasons  for  the 
admission  of  a  similar  doctrine  as  to  force  appear  to  be  equally 
strong.  With  regard  to  matter,  there  are  many  cases  in 
which  wo  never  practically  prove  its  cessation  of  existence, 
yot  we  do  not  the  less  believe  in  it :  who,  forinstance,  can 
trace,  so  as  to  rc-weigh,  the  particles  of  iron  worn  off 
the  tire  of  a  carriage  wheel?  who  can  re-combine  the  parti- 
cles of  wax  dissipated  and  chemically  changed  inthebnming 
of  a  candle?  By  placing  matter  undergoing  physical  or 
chemical  changes  under  special  limiting  circumstances,  we 
may,  indeed,  acquire  evidence  of  its  continued  existence, 
weight  for  weight — and  so  we  may  in  some  instances  of  force, 
as  in  definite  electrolysis :  indeed  the  evidence  we  acquire  of  the 
continued  existence  of  matter  is  by  the  continued  exertion  of 
the  force  it  exercises,  as,  when  we  weigh  it,  our  evidence  is 
the  force  of  attraction ;  so,  again,  our  evidence  of  force  is 
the  matter  it  acts  upon.  Thus,  matter  and  force  are  corre- 
lates, in  the  strictest  sense  of  the  word ;  the  conception  of 
the  existence  of  the  one  involves  the  conception  of  the  exis- 
tence of  the  other :  the  quantity  of  matter  again,  and  the  de- 
gree of  force,  involve  conceptions  of  space  and  time.  But 
to  follow  out  these  abstract  relations  would  lead  me  too  far 
into  the  alluring  paths  of  metaphysical  speculation. 

That  the  theoretical  portions  of  this  essay  are  open  to  ob- 
jection I  am  fully  conscious.  I  cannot,  however,  but  think 
that  the  fair  way  to  test  a  theory  is  to  compare  it  with  other 
theories,  and  to  see  wlicther  upon  the  whole  the  balance  of 
probability  is  in  its  favour.  Were  a  theory  open  to  no  ob- 
jection it  would  cease  to  be  a  theory,  and  beccme  a  law; 
and  were  we  not  to  theorise,  or  to  take  generalised  views  of 
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Bstnral  phenomena  natil  thoso  generalizadons  were  snrD  and 
nnobjectionable — in  other  words,  were  lawa — Bcienec  would 
be  lost  in  a  complex  maH9  of  unconnected  observations t 
which  would  probably  never  diaentangle  (hemsclves.  Excess 
on  either  side  is  to  be  avoided ;  although  we  may  oflcn  err  on 
the  side  of  huflty  generalisation,  we  may  equally  err  on  the 
side  of  mere  elaborate  collection  of  observations,  which, 
though  sometimes  leading  to  a  valuable  resalt,  yet,  when  cu- 
mulated without  a  connecting  link,  frequently  occasion  a  cost- 
ly waste  of  time,  and  leave  the  subject  to  which  they  refer  in 
greater  obscority  than  that  in  which  it  was  involved  at  their 
commc  nccment . 

Collections  of  facta  difl'er  in  importance,  as  do  theories: 
the  former,  in  many  instances,  derive  their  value  from  their 
capability  of  generalisation  ;  while,  conversely,  theories  are 
volnablo  as  methods  of  co-ordinating  given  series  of  facts, 
and  more  valuable  in  proi>ortion  as  they  require  fewer  excep- 
tions and  fewer  postulates.  Facts  may  eomotimcs  be  as 
well  explained  by  one  view  as  by  another,  but  without  a 
theory  they  are  unintelligible  and  incommunicable.  Let  us 
use  oar  ntmoet  ofiurt  to  commuoicate  a  fact  without  using  the 
language  of  theory,  and  wo  fail ;  theory  is  involved  in  all 
our  expresaiona ;  the  knowledge  of  bygone  times  is  imported 
into  succeeding  times  by  terms  involving  theoretic  conceptions. 
Aa  the  tnowlodge  of  any  particular  science  devclopes  itself 
our  views  of  it  become  more  simple  ;  hypotheses,  or  the  in- 
trodnction  of  supposititious  views,  are  more  and  more  dis- 
pensed with ;  words  become  applicable  more  directly  to  the 
phenomena,  and,  losing  the  hypothetic  meaning  which  they 
necessarily  possessed  at  their  reception,  acquire  a  secondary 
sense,  which  brings  more  immediately  to  onr  minds  the  facta 
of  which  they  are  indices.  ITio  scaffolding  has  served  its 
purpose.  The  hypothesis  fades  away,  and  a  theory,  or  gen-  ■ 
eralised  view  of  phenomena,  more  independent  of  supposition, 
but  still  &11  of  gaps  and  dlfficullice,  lakes  its  place,     lliis  iu 
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its  torn,  should  the  scknoe  omtiniie  to  progress,  either  gives  placs 
to  a  more  simple  and  wider  geiieralisatioii,orbeoQiiieB,bjthe  re- 
moval of  objections,  established  as  a  law.  Even  in  this  moie 
advanced  stage,  words  importing  theory  most  be  used,  bat 
phenomena  are  now  intelligible  and  connected,  thon^  expresa- 
ed  bj  varied  forms  of  speech. 

To  think  on  nature  is  to  theorise ;  and  difficolt  it  is  not 
to  be  led  on  by  the  continuities  of  natural  phenomena  to  the- 
ories which  appear  forced  and  nnintelligible  to  those  who 
have  not  pursued  the  same  path  of  thought :  which,*  more- 
over, if  allowed  to  gain  an  undue  influence,  seduce  us  from 
that  truth  which  is  the  sole  object  of  our  pursuit. 

Where  to  draw  the  line— where  to  say  thus  far  we  may 
go,  and  no  farther,  in  any  particular  dass  of  analo^es  or  re- 
lations which  Nature  presents  to  us ;  how  far  to  follow  the 
progressive  indications  of  thought,  and  where  to  resist  its  al- 
lurements— ^is  a  question  of  degree  which  must  depend  upon 
the  judgment  of  each  individual  or  of  each  class  of  thinkers ; 
yet  it  is  consolatory  that  thought  is  seldom  expended  in  vain. 

I  have  throughout  endeavoured  to  discard  the  hypotheses 
of  subtle  or  occult  entities ;  if  in  this  endeavour  some  of  my 
views  have  been  adopted  upon  insufficient  data,  I  stOl  hope 
that  this  essay  will  not  prove  valueless. 

The  conviction  that  the  so-called  imponderables  are  modes 
of  motion,  will,  at  all  events,  lead  the  observer  of  natural 
phenomena  to  look  for  changes  in  these  affiactions,  wherever 
the  intimate  structure  of  matter  is  changed ;  and,  conversely, 
to  seek  for  changes  in  matter,  either  temporary  or  permanent, 
whenever  it  is  affected  by  these  forces.  I  believe  he  will 
seldom  do  this  in  vain.  It  was  not  until  I  had  long  reflected 
on  the  subject,  that  I  ventured  to  publish  my  views :  their 
publication  may  induce  others  to  think  on  their  subject-mat- 
tor.  They  are  not  put  forward  with  the  same  objects,  nor  do 
they  aim  at  the  same  elaboration  of  detail,  as  memoirs  on 
newly-discovered  physical  facts :  they  purport  to  be  a  method 
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of  mentally  regarding  known  facts,  soma  few  of  wliich  I  bavo 
mysolf  inado  known  on  other  occasions,  but  tlie  greot  maaa 
of  which  have  been  accmauJatcd  by  tba  Inboora  of  others, 
andareadmitteilascstaliliaheil  truths.  Everyone  has  a  right 
to  view  these  facts  through  any  medium  he  thinks  fit  to  em- 
pby,  but  some  theory  must  exist  in  Ibo  minds  of  those  who 
reflect  upon  the  many  new  phenomena  which  have  recently, 
and  more  particularly  during  the  present  century,  been  dis- 
covered. It  is  by  a  generalised  or  connected  view  of  past 
scquidilions  in  natural  knowledge  that  dcduelions  can  best  bu 
.  drawn  OS  to  tho  probable  character  of  the  reaulls  to  be  antici- 
piited.  It  is  a  great  assistance  in  such  investigations  to  be 
intimately  convinced  that  no  physical  phenomena  can  Bland 
alone :  each  is  inevitably  connected  witli  anterior  changes, 
und  as  inavitably  productive  of  consequcntjal  changes,  each 
with  the  other,  and  all  with  lime  and  space ;  and,  either  in 
tracing  back  these  anlecedenla  or  following  up  their  conse- 
quents, many  new  phenomena  will  bo  discovered,  and 
many  existing  pLcnomcnn,  hitherto  believed  distinct,  will 
be  connected  and  explained ;  explanation  is,  indeed,  only  re- 
lation to  something  more  familiar,  not  more  known — i.o. 
known  aa  to  caiisative  or  creative  agencies.  In  all  pheno- 
mena the  more  closely  they  arc  investigated  the  more  are  wo 
convinced  that,  humanly  speaking,  neither  matter  nor  forco 
can  be  created  or  annihilatiid,  and  that  an  essential  canse  is 
onatt^nnble. — Causation  is  the  wiU,  Creation  the  act,  of 
God. 
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ANEW  conquest  of  very  genera!  interest  has  been  recently 
made  I)y  natural  philosophy.  In  tho  following  pages,  I 
will  endeavour  to  give  a  notion  of  the  nnturc  of  this  conquest. 
It  haa  reference  to  a  new  and  nniveraal  natural  law,  which 
mles  the  action  of  natural  forces  in  their  mutual  relations 
toward!)  each  other,  and  is  as  influential  on  our  theoretic 
viewt  of  nalural  processes  as  it  is  important  in  their  technical 

Amoug  ilia  practical  arts  whleli  owe  their  progress  to  the 
development  of  the  natural  scieuces,  fi'om  the  conclusioii  of 
tho  middle  ages  downwards,  practical  mcchanicB,  aided  by 
the  matheualicul  scieuce  which  hears  tlio  same  name,  was 
Olio  of  the  moat  prominent.  The  character  of  the  art  was,  at 
the  time  referred  lo,  naturally  very  diflcrcnt  from  its  present 
one.  Surprised  and  stimulated  by  its  own  suceees,  it  thought 
uo  problem  beyond  its  power,  and  immediately  attacked  some 
of  the  most  difficult  and  complicated.  Thus  it  was  attempted 
to  build  automaton  figarca  which  should  perform  tlie  funetiona 
of  men  and  animals.  The  wonder  of  the  last  ccnlory  was 
Taucsnsou's  daek,  which  fed  and  digested  its  food  ;  tho  flul«- 
playcr  of  the  some  artist,  which  moved  aU  its  fingers  cor- 
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rectlj ;  the  writing  boy  of  the  older,  and  the  piano-forte  play- 
er of  the  younger  Droz :  which  latter,  when  performing,  fol- 
lowed its  hands  with  his  eyes,  and  at  the  conclusion  of  the 
piece  bowed  courteously  to  the  audience.  That  men  like 
those  mentioned,  whose  talent  might  bear  comparison  with 
the  most  inventiye  heads  of  the  present  age,  should  spend  so 
much  time  in  the  construction  of  these  figures,  which  we  at 
present  regard  as  the  merest  trifles,  would  be  incomprehensi- 
ble,  if  they  had  not  hoped  in  solemn  earnest  to  solve  a  great 
problem.  The  writing  boy  of  the  elder  Droz  was  publicly 
exhibited  in  Germany  some  years  ago.  Its  wheel-work  is  so 
complicated,  that  no  ordinary  head  wotild  be  sufficient  to 
decipher  its  manner  of  action.  When,  howeyer,  we  are  in- 
formed that  this  boy  and  its  constructor,  being  suspected  of  the 
black  art,  lay  for  a  time  in  the  Spanish  Inquisition,  and  with 
difiiculty  obtained  their  freedom,  we  may  infer  that  in  those 
days  even  such  a  toy  appeared  great  enough  to  excite  doubts 
as  to  its  natural  origin.  And  though  these  artists  may  not 
have  hoped  to  breathe  into  the  creature  of  their  ingenuity  a 
soul  gifted  with  moral  completeness,  still  there  were  many 
who  woiild  be  willing  to  dispense  with  the  moral  qualities  of 
their  servants,  if,  at  the  same  time,  their  immoral  qualities 
could  also  be  got  rid  of;  and  accept,  instead  of  the  mutability 
of  flesh  and  bones,  services  which  should  combine  the  regu- 
larity of  a  machine  with  the  durability  of  brass  and  steel. 
The  object,  therefore,  which  the  inventive  genius  of  the  past 
century  placed  before  it  with  the  fullest  earnestness,  and  not 
as  a  piece  of  amusement  merely,  was  boldly  chosen,  and  was 
followed  up  with  an  expenditure  of  sagacity  which  has  contri- 
buted not  a  little  to  enrich  the  mechanical  experience  which  a 
later  time  knew  how  to  take  advantage  of.  We  no  longer 
seek  to  build  machines  which  shall  fulfil  the  thousand  services 
required  of  one  man,  but  desire,  on  the  contrary,  that  a  ma- 
)  shall  perform  one  service,  but  shall  occupy  in  doing  it 
Me  of  a  thousand  men. 
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From  these  efforts  to  imitate  living  creattxrcB,  another  iJea, 
obo  by  a  misanderstanding,  sccma  to  have  developed  itself', 
which,  03  it  were,  formed  llie  new  pliilosopher's  stono  of  the 
seventeenth  and  eighteenth  centuricB.  It  was  now  tlie  endeav- 
our to  construct  a  perpetual  motion.  Unilcrthistcrmwasim- 
deratood  a  machine,  which,  without  being  wound  up,  without 
consuming  in  the  working  of  it,  falling  water,  wind,  or  any 
other  natural  force,  should  etiil  continue  in  motion,  the  motive 
power  iieing  perpetually  supplied  by  the  machine  itself.  Beasts 
and  human  beings  seemed  to  correspond  to  the  idea  of  sneh  an 
apparatus,  for  they  moved  themselves  energetically  and  inces- 
santly as  long  as  tliey  lived,  were  never  wound  up,  and  nobody 
sot  them  iu  motion.  A  connection  between  the  taking-in  of 
nourishment  and  the  development  of  force  did  not  make  itself 
apparent.  The  nooriahmeat  seemed  only  necessary  to  grease, 
as  it  were,  the  wbcclwork  of  the  animal  machiuo,  to  replace 
what  was  used  up,  and  to  renew  the  old.  The  development 
of  force  out  of  itself  seemed  to  be  the  esBentJal  peculiarity,  the 
real  qninteBScneo  of  organic  life.  If,  therefore,  men  were  lo 
be  constructed,  a  perpetual  motion  must  first  bo  found. 

Another  hope  also  seemed  to  take  up  incidentally  the  sec- 
ond place,  which,  in  onr  wiser  ago,  would  eorloinly  have 
elnimcd  the  first  rank  in  the  thoughts  of  men.  The  perpetual 
motion  was  lo  produce  work  inexhaustibly  without  corre- 
sponding consumption,  that  is  to  say,  out  of  nothing.  Work, 
however,  is  money.  Here,  therefore,  the  practical  problem 
which  (lie  cunning  heads  of  all  centuries  Lave  followed  in  the 
most  diverse  ways,  namely,  to  fabricate  money  out  of  nothing, 
invited  solution.  The  similarity  with  the  philosopher's  stone 
Bought  by  tliG  ancient  chemists  was  complete.  Tliut  also 
was  thought  to  contain  the  quintessence  of  organic  life,  and  to 
be  rapable  of  producing  gold. 

The  spur  which  drove  men  to  inquiry  was  sharp,  and  the 
latent  of  some  of  the  seekers  must  not  be  cslimaled  as  small. 
The  nature  of  the  problem  was  quite  calculated  to  eniicc  por- 
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ing  bruDS,  to  lead  them  round  a  circle  for  jears,  deoeiving 
erer  with  new  expectations,  which  Toqiahed  upon  nearer  a|^ 
prooch,  and  fioallj  redacing  thcae  dupes  of  hope  to  open  in- 
sanity. The  phantom  could  not  be  grasped.  It  would  be 
impossible  to  give  a  lustoiy  of  these  efforts,  as  the  clearer 
heads,  among  whom  the  elder  Droz  must  bo  ranked,  convinced 
themaclves  of  the  futility  of  their  experiments,  and  were 
naturally  not  inclined  to  speak  mnch  abont  them.  Bewildered 
intellects,  however,  proclaimed  ofWn  enongh  that  they  had 
discovered  the  grand  secret ;  and  as  the  ineorrectsess  of  their 
proceedings  waa  always  speedily  manifest,  the  matter  fell  into 
bad  repute,  and  the  opinion  strengdiencd  itsetf  more  and  more 
that  the  problem  was  not  capable  of  solution ;  one  difficulty 
after  another  was  brought  under  the  dominion  of  mathemati- 
cal mticlianics,  and  finally  a  point  was  reached  where  it  could 
be  proved,  that,  at  least  by  the  nse  of  pare  mechanical  forces, 
no  perpetual  motion  could  bo  generated. 

Wo  have  here  arrived  at  the  idea  of  the  driving  force  or 
power  of  a  macliiuc,  and  shall  have  macli  to  do  with  it  in 
future.  I  must,  therefore,  give  an  explanation  of  iL  The 
idea  of  work  is  evidently  transferred  to  maclunes  by  compar- 
ing their  arrangements  with  those  of  men  and  animals  to 
replace  which  they  wore  applied.  We  still  reckon  the  work 
of  steam  engines  according  to  horse-power.  The  value  of 
manual  labor  is  determined  partly  by  the  force  which  is  ex- 
pended in  it  (a  strong  laborer  is  valued  more  highly  than  a 
weak  one),  partly  however,  by  the  skill  which  b  brought  into 
action.  A  machine,  on  the  controry,  which  executes  work 
skilfully,  can  always  be  multiplied  to  any  extent ;  hence  its 
skill  1ms  not  the  high  value  of  human  skill  in  domains  where 
the  hitter  cannot  bo  supplied  by  machines.  TIius  the  idea  of 
tlie  quantity  of  work  in  the  ease  of  macliines  has  been  limited 
to  the  consideration  of  the  expeuditurc  of  force  ;  this  was  the 
more  important,  as  indeed  most  macliines  are  constructed  for 
the  "TpresB  purpose  of  exceeding,  by  the  magnitnde  of  their 
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effects,  the  powers  of  meo  and  animala.  Hence,  in  a  mecbani- 
ca]  sense,  the  idea  of  work  ia  become  identical  with  that  of 
the  expenditure  of  force,  and  in  thi§  way  1  will  apply  it. 

How,  tlien,  can  wc  measure  this  expenditure,  and  compare 
it  in  the  coao  of  different  machineep 

I  must  here  conduct  you  a  portion  of  the  way — as  short  a 
porlion  oa  jtosiuhle — over  the  aninviling  field  of  isathcmnlico- 
mcchnnical  ideas,  in  order  to  bring  you  to  a  point  of  view  from 
which  a  more  rewording  prospect  ■vi'iil  open.  And  though  the 
example  wliiuh  I  shall  hero  choose,  namely,  that  of  a  waler- 
mili  wilh  iron  hammer,  appears  to  be  lolerably  romantic,  still, 
nlus,  I  must  leave  the  dark  forest  valley,  the  spark-em ilting 
anvil,  and  the  black  Cyclops  wholly  out  of  sight,  and  beg  a 
mumcul's  Bllention  to  tlie  less  poetic  side  of  the  qnealion, 
Dufflely,  I  he  mncliinery.  This  is  driven  by  a  water-wheel  which 
in  its  tnm  is  set  in  motion  by  tlie  falling  water.  The  axle  of  Ihe 
walci^whecl  has  at  certain  places  small  projeclions,  thumhii, 
which,  during  the  rotation,  lilt  tlie  heavy  hammer  and  permit 
it  to  iitl]  again.  The  falling  hoiumer  hclnbors  the  moss  of 
nielal,  which  is  introduced  boncatli  it.  The  work  therefore 
done  by  the  machine  consists,  in  this  case,  in  the  llAiogof  the 
hammer,  to  do  which  the  gravity  of  the  latter  must  be  over- 
come. The  expenditure  of  force  wUI,  in  the  first  place,  other 
circumstances  being  equal,  be  proportioned  to  the  weight  of 
the  hammer ;  it  will,  for  example,  be  double  when  the  weight 
of  the  hammer  is  doubled.  But  the  action  of  the  hammer 
depends  not  upon  its  weight  alone,  but  also  upon  the  height 
from  which  it  falls.  If  it  tolls  through  two  feet,  it  will  pro- 
duce a  greater  cfl'ect  tiian  if  it  falls  through  only  one  foot.  It 
i»t  however,  clear  that  if  the  machine,  with  a  certain  ezpcndi- 
turo  of  forci^,  lifis  the  hammer  a  foot  in  height,  the  same 
unnnnt  of  force  must  he  expended  to  raise  it  a  second  foot  in 
liciglit.  The  work  is  therefore  not  only  donbled  when  the 
weight  of  the  hammer  is  increased  twofold,  but  also  when  the 
■pace  llirnagh  which  it  falls  is  doubled.     Prom  this  it  is  eas} 
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to  Bee  that  the  work  must  be  measured  hj  the  product  of  the 
weig^  into  the  space  thxoog^  which  it  ascends.  And  in  this 
WBj,  indeed,  do  we  measure  in  mechanics. 

The  nnit  of  work  is  a  foot-poimd,  that  is,  a  pound  weight 
raised  to  the  height  of  one  foot. 

While  the  work  in  this  case  consists  in  the  raising  of  the 
heavy  hanmier-hcad,  the  driving  force  which  sets  the  latter  in 
motion,  is  generated  by  fiEdling  water.    It  is  not  necessary 
that  the  water  should  £Edl  verticallj,  it  can  also  flow  in  a 
moderatelj  inclined  bed ;  but  it  must  always,  where  it  has 
water-mills  to  set  in  motion,  move  from  a  higher  to  a  lower 
position.    Experiment  and  theory  coincide  in  teaching,  that 
when  a  hammer  of  a  himdred  weight  is  to  be  raised  one  foot, 
to  accomplish  this  at  least  a  hundred  weight  of  water  must 
fall  through  the  space  of  one  foot ;  or  what  is  equivalent  to 
this,  two  hundred  weight  must  fall  ftillhalf  a  foot,  or  four  hun- 
dred weight  a  quarter  of  a  foot,  etc.    In  short,  if  we  multiply 
the  weight  of  the  falling  water  by  the  height  through  which  it 
falls,  and  regard,  as  before,  the  product  as  the  measure  of  the 
work,  then  the  work  performed  by  the  machine  in  raising  the 
luimmer,  can,  in  the  most  favourable  case,  be  only  equal  to  the 
number  of  foot-pounds  of  water  which  have  fallen  in  the  same 
time.    In  practice,  indeed,  this  ratio  is  by  no  means  attained ; 
a  groat  portion  of  the  work  of  the  falling  water  escapes  unused, 
inasmuch  as  part  of  the  force  is  willingly  sacrificed  for  the 
sake  of  obtaining  greater  speed. 

I  will  further  remark,  that  this  relation  remains  unchanged 
whether  the  hammer  is  driven  inmiediatcly  by  the  axle  of  the 
wheel,  or  whether — ^by  the  intervention  of  wheel-work,  end- 
less screws,  pulleys,  ropes — ^tho  motion  is  transferred  to  the 
hammer.  We  may,  indeed,  by  such  arrangements,  succeed 
in  raising  a  hammer  of  ten  hundred  weight,  when  by  the  first 
Bim})lo  arrangement,  the  elevation  of  a  hammer  of  one  hundred 
weight  might  alone  bo  possible ;  but  either  this  heavier  ham- 
mer is  raised  to  only  one  tenth  of  tho  height,  or  tenfold  the 
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lime  ii  reqnired  to  raise  it  to  Iha  eamc  height ;  so  that,  how- 
ever we  maj  alter,  by  the  ialeqiosiliou  of  machiacry,  the  in- 
teniu^  of  the  acting  force,  still  in  a  certain  time,  diu'iDg  which 
the  mill-Btream  fuTaisheB  us  with  a  definito  qunntity  of  walor, 
a  cerlaiD  definite  quantity  of  work,  and  no  more,  can  be  per- 
formed. 

Onr  machinery,  therefore,  has,  in  the  first  place,  done 
nothing  more  than  make  use  of  the  gravity  of  the  falling  wa- 
ter in  order  to  overpower  the  gravity  of  Ibe  hammer,  and  to 
raise  the  latter.  When  it  haa  lifted  the  hammer  to  the  neces- 
sary height,  it  again  liberates  it,  and  the  hammer  falls  upon 
the  metal  mass  wiiich  is  pushed  honenth  it.  But  why  does 
the  falling  hammer  here  exercise  a  greater  force  than  when  it 
is  permitted  simply  to  press  with  its  own  weight  on  the  mass 
of  metal  ?  Wliy  is  lis  power  greater  as  the  height  from  which 
it  falls  is  increased?  We  find,  in  fact,  tliat  the  work  per- 
formed by  the  hammer  is  determined  by  its  velocity.  In 
other  cases,  also,  the  velocity  of  moving  masses  is  a  means  of 
producing  great  effects.  1  only  remand  you  of  the  destmctive 
effects  of  mnskct-bullcte,  which,  in  a  slate  of  rest,  are  (he  most 
hamiless  things  in  the  world.  I  reminil  you  of  the  wind-mill, 
which  derives  its  force  from  the  moving  air.  It  may  appeiir 
snrprising  that  motion,  whieh  wo  arc  accnstomcd  to  regard  ua 
a  non-essential  and  transitory  endowment  of  bodies,  can  pro- 
duce such  great  effeds.  But  the  fact  is,  that  motion  appears 
to  Ds,  nnder  ordinary  eircnmstanees,  transitory,  because  the 
movement  of  all  terrestrial  bodies  is  ^c^i^t>:^d  perpetually  by 
other  fences,  friction,  resistance  of  the  air,  ete.,  so  that  molion 
is  ineessanlly  weakened  and  finally  neutralized.  A  body, 
however,  which  is  opposed  by  no  resisting  force,  when  once 
to:  in  motion,  moves  onward  eternally  with  uadiminisbed 
velocity.  Thus  we  know  that  the  planetary  bodies  have 
moved  without  change,  through  space,  for  thousands  of  years. 
Only  byresisting  forces  can  motion  bo  diminished  or  destroyed. 
A  moving  body,  snch  as  the  hammer  or  the  musket-ball,  when 
10 
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it  strikes  against  another,  presses  the  latter  together,  or  pene« 
trates  it,  until  the  sum  of  the  resisting  forces  which  the  body 
struck  presents  to  its  pressure,  or  to  the  separation  of  its  par- 
ticles, is  sufficiently  great  to  destroy  the  motion  of  the  ham- 
mer or  of  the  bullet.  The  motion  of  a  mass  regarded  as 
taking  the  place  of  working  force  is  called  the  living  force  (vim 
viva)  of  the  mass.  The  word  ''  Uying  "  has  of  course  here 
no  reference  whatever  to  living  beings,  but  is  intended  to  rep- 
resent solely  the  force  of  the  motion  as  distinguished  fix)m  the 
state  of  unchanged  rest — ^from  the  gravity  of  a  motionless 
body,  for  example,  which  produces  an  incessant  pressure 
against  the  surface  which  supports  it,  but  does  not  produce 
any  motion. 

In  the  case  before  us,  therefore,  we  had  first  power  in  the 
form  of  a  falling  mass  of  water,  then  in  the  form  of  a  lifted 
hammer,  and,  thirdly,  in  the  form  of  the  living  force  of  the 
fallen  hammer.  Wc  should  transform  the  third  form  into  the 
seeond,  if  we,  for  example,  permitted  the  hammer  to  fall  upon 
a  hi«^hly  elastic  steel  beam  strong  enough  to  resist  the  shock. 
The  lianm[ier  would  rebound,  and  in  the  most  favourable  caso 
would  reach  a  height  equal  to  that  from  which  it  fell,  but 
would  never  rise  higher.  In  this  way  its  mass  would  ascend : 
and  at  the  moment  when  its  highest  point  has  been  attained, 
it  would  represent  the  same  number  of  raised  foot-pounds  as 
before  it  fell,  never  a  greater  number ;  that  is  to  say,  living 
force  can  generate  the  same  amount  of  work  as  that  ex- 
pended in  its  production.  It  is  therefore  equivalent  to  this 
quantity  of  work.  ^ 

Our  clocks  are  driven  by  means  of  sinking  weights,  and 
our  watches  by  means  of  the  tension  of  springs.  A  weight 
which  lies  on  the  ground,  an  elastic  spring  wliich  is  without 
tension,  can  produce  no  effects ;  to  obtain  such  we  must  first 
raise  the  weight  or  impart  tension  to  the  spring,  which  is 
accomplished  when  we  wind  up  our  clocks  and  watches. 
The  man  who  winds  the  clock  or  watch  conununicates  to  the 
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weiglit  or  to  the  spring  a  cerlaia  amount  of  power,  and  ex- 
actly so  much  as  is  tlius  communicalcd  is  gr&dually  given  out 
again  during  the  following  tnentj-foor  hours,  die  original 
fori^e  being  thus  slowly  consumed  to  overcome  the  i'rictioti  of 
the  wheels  and  the  resistance  which  the  peudulmn  encouatora 
from  the  air.  The  wheel-work  of  the  clock  therefore  exhihils 
no  working  force  which  was  not  previously  commuaicated  to 
it,  but  siniply  distributes  the  force  given  to  it  uniformly  over 
a  longer  time. 

Into  the  chamber  of  an  air'gmi  we  squeeze,  by  means  of 
a  condensing  air-pump,  a  great  quantity  of  air.  When  we 
afterwards  open  the  cock  of  a  gun  and  admit  the  compressed 
air  into  the  barrel,  the  ball  is  di'iven  out  of  the  latter  with  a 
force  similar  to  that  exerted  hy  ignited  powder.  Now  we 
nay  detennine  tLo  work  consumed  in  the  pumping-in  of  the 
air,  and  the  living  force  which,  npon  firing,  is  communicated 
to  the  ball,  hut  we  shall  never  find  the  latter  greater  than  the 
former.  The  compressed  air  has  generated  no  working  force, 
tut  simply  gives  to  the  bullet  that  which  has  been  previously 
eonununicate4  to  it.  And  mliiJo  we  have  pumped  lor  perhaps 
a  quarter  of  on  hour  to  charge  the  gun,  the  force  is  expended 
In  a  few  seconds  when  the  bullet  is  dischorgcd ;  hut  because 
llio  action  is  compresgcd  into  so  aliort  a  lime,  a  much  greater 
velocity  iu  imparted  to  the  ball  than  would  be  possible  to  com- 
muuicate  to  it  by  the  unaided  e£fort  of  the  arm  in  throw- 
ing it. 

■From  these  examples  you  obeerso,  and  the  niathemotieal 
Iheory  ba«  corroborated  this  for  all  purely  mechanical,  that  is 
to  siiy,  for  moving  forces,  that  all  our  machinery  and  appara- 
tus generate  no  force,  hut  simply  yield  up  the  power  eom- 
Dumcatcd  to  them  hy  natural  forces, — falling  water,  moving 
wiuil,  or  by  the  muscles  of  men  and  animals.  After  tliis  law 
K>d  been  established  by  the  great  mathcmaticiuns  of  tlie  last 
eontniy,  a  perpetual  motion,  which  should  make  only  use  of 
pure  mechanical  forces,  E>uch  as  gravity,  elasticity,  pressure  of 
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liquids  and  gases,  could  only  be  sought  after  by  bewfldered 
and  ill-instmcted  people.  But  there  are  still  other  natural 
forces  which  are  not  reckoned  among  the  purely  moving 
forces, — ^heat,  electricity,  magnetism,  light,  chemical  forces, 
all  of  which  nevertheless  stand  in  manifold  relation  to  me- 
chanical processes.  There  is  hardly  a  natural  process  to  be 
found  which  is  not  accompanied  by  mechanical  actions,  or 
from  which  mechanical  work  may  not  be  derived.  Here  the 
question  of  a  perpetual  motion  remained  open ;  the  decision 
of  this  question  marks  the  progress  of  modem  physics. 

In  the  case  of  the  air-gun,  the  work  to  be  accomplished  in 
the  propulsion  of  the  ball  was  given  by  the  arm  of  the  man 
who  pumped  in  the  air.  In  ordinary  firearms,  the  condensed 
mnps  of  air  wliich  propels  the  bullet  is  obtained  in  a  totally 
diflerent  manner,  namely,  by  the  combustion  of  the  powder. 
Ciun}K)wder  is  transformed  by  combustion  for  the  most  part 
into  gaseous  products,  which  endeavor  to  occupy  a  much 
hirgor  space  than  that  previously  taken  up  by  the  volume  of 
tho  powder.  Thus,  you  see,  that,  by  the  use  of  gunpowder, 
the  work  which  the  human  arm  must  accomplish  in  the  case 
of  the  air-gun  is  spared. 

In  the  mightiest  of  our  machines,  the  steam  engine,  it  is  a 
strongly  compressed  aeriform  body,  water  vapour,  which,  by 
its  effort  to  expand,  sets  the  machine  in  motion.  Here  also, 
we  do  not  condense  the  steam  by  means  of  an  external 
mechanical  force,  but  by  communicating  heat  to  a  mass  of 
water  in  a  closed  boiler,  we  change  this  water  into  steam, 
which,  in  consequence  of  the  limits  of  the  space,  is  developed 
under  strong  pressure.  In  this  case,  therefore,  it  is  the  heat 
communicated  which  generates  the  mechanical  force.  The 
heat  thus  necessary  for  the  machine  we  might  obtain  in  many 
ways ;  the  ordinary  method  is  to  procure  it  from  the  combus- 
tion of  coal. 

Combustion  is  a  chemical  process.     A  particulfCr  constitu- 
f  our  atmosphere,  oxygen,  possesses  a  strong  force  of 
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attraction,  or,  as  it  ia  named  in  chemistry,  a  strong  allinity 
for  tbe  constitncnta  of  the  combustible  body,  which  aliinily, 
however,  in  most  cases,  can  only  exert  itself  at  liigii  tempera- 
tures. As  soon  as  a  portion  of  iJie  comliustible  body,  for  ex- 
ample the  coni,  is  suffificnlly  heated,  the  carbon  unites  itself 
with  great  violence  to  the  oxygen  of  tbe  atmosphere  and  forma 
a  peculiar  gas,  carbonic  acid,  the  same  which  we  see  foaming 
from  bcor  and  champagne,  Eythis  combination,  light  and  heat 
are  generated ;  beat  is  generally  developed  by  any  combination 
of  two  bodies  of  strong  aflinlly  for  each  otlier ;  and  when  iha 
heat  is  intense  enough,  light  appears.  Hence,  in  tlic  steam 
cn^nc,  it  ie  chemical  processes  and  chemical  forces  which  pro- 
duce the  astonishing  work  of  these  machmes.  In  like  manner 
the  combustion  of  gunpowder  is  a  chemical  process,  which, 
in  the  barrel  of  iho  gun,  communicates  living  force  to  the 
bullet. 

While  now  tlio  steam  engine  develops  for  us  mechanical 
work  out  of  heat,  we  can  conversely  generate  heat  by  mechani- 
cal forces.  A  skilful  blacksmith  can  render  an  iron  wedge  red 
hot  by  hammering.  The  axles  of  our  carriages  must  be  pro- 
tected by  careful  greasing,  from  ignition  through  friction. 
Even  lately  this  properly  baa  been  applied  on  a  large  scale.  In 
some  factories,  where  a  snrplua  of  water  power  is  at  hand,  this 
Buqilus  is  applied  to  canse  a  strong  iron  plate  to  rotate  swiftly 
upon  another,  bo  that  they  become  strongly  healed  by  the  fric- 
tion. The  heat  so  obtained  warms  the  room,  and  thus  a  stove 
witliout  fuel  ia  provided.  Now,  could  not  tie  heat  generated 
by  llio  plates  be  applied  to  a  small  steam  engine,  which,  in  its 
lum,  ahonld  bo  able  to  keep  the  nibbing  plates  in  motion? 
The  peqietnal  motion  wonid  thus  be  at  length  found.  This 
question  might  be  asked,  and  could  not  be  decided  by  the 
oMer  matUemati  co-mechanical  iavcstigalions.  I  will  remark, 
beforehand,  that  the  general  law  which  I  will  lay  before  yon 
anawere  the  question  in  the  negative. 

By  a  similar  plan,  however,  a  speculative  American  set 
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fome  tune  ago  die  indiutrial  woild  of  Eon^  in  ezatemaiL 
The  magneto-electiic  machinfn  often  made  use  of  in  the  case 
of  rheumatic  disorders  are  well  known  to  the  pobHe.    By 
imparting  a  swift  rotation  to  the  magnet  of  soch  a  Tw^lim^^ 
we  obtain  powerfnl  corrents  of  electridtr.    If  those  be  con- 
ducted throng  water,  the  latter  win  be  redoced  into  its  tw3 
components,  oxygen  and  bydrogen*     By  tbe  combnstion  of 
hydrogen,  water  is  again  generated.    If  this  combustion  takes 
place,  not  in  atmospheric  air,  of  which  oxygen  only  constih 
tntes  a  fifth  part,  but  in  pore  oxygen,  and  if  a  bit  of  chalk  be 
placed  in  the  flame,  the  chalk  will  be  raised  to  a  white  heat, 
and  give  ns  the  son-like  Drommond's  light.     At  the  same 
time,  the  flame  develops  a   considerable  quantity  of  heat. 
Our  American   proposed  to  utilize  in   this  way  the  gases 
obtained  from  electrolytic  decomposition,  and  asserted  that  by 
the  combnstion  a  sufficient  amount  of  heat  was  generated  to 
keep  a  small  steam  engine  in  action,  which  again  drove  his 
magneto-electric  machine,  decomposed  the  water,  and  thus 
continually  prepared  its  own  fuel.    This  would  certainly  have 
been  the  most  splendid  of  all  discoveries ;  a  perpetual  motion 
which,  besides  the  force  which  kept  it  going,  generated  light 
like  the  sun,  and  warmed  all  around  it.    The  matter  was  by 
no  means  badly  cogitated.    Each  practical  step  in  the  afiair 
was  known  to  bo  possible ;  but  those  who  at  that  time  were 
acquainted  with  the  physical  investigations  which  bear  upon 
this  subject  could  have  affirmed,  on  the  first  hearing  the 
report,  that  the  matter  was  to  be  numbered  among  the  numer- 
ous stories  of  the  fable-rich  America ;  and  indeed,  a  fable  it 
remained. 

It  is  not  necessary  to  multiply  examples  further.  You 
will  infer  from  those  given,  in  yrhat  immediate  connection 
beat,  electricity,  magnetism,  light,  and  chemical  affinity,  stand 
with  mechanical  forces. 

Starting  from  each  of  these  diffisrent  manifestations  of 
natural  forces,  we  can  set  every  other  in  motion,  for  the  most 
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many  ways.     Il  is  here  as 


part  not  in  ono  way  merely,  but  ii 
witli  the  weaver's  wob, — 

Wbere  a  etcp  stirs  a  thousand  thn^ads, 

The  shuttles  shoot  from  eide  to  side, 

The  fibres  flow  unseen. 

And  one  sliock  strikes  a  thousand  combinations. 

Now  it  is  dear  tbal  if  by  any  means  we  could  succeed,  as 
the  above  American  proteased  to  have  done,  by  mechanical 
ftirces,  to  cxcilo  chemical,  electrical,  or  other  natural  pro- 
cossefl,  wbieh,  by  any  circuit  whatever,  and  without  altering 
permanently  the  active  masses  ia  the  machiiie,  could  produce 
mechanical  forcu  in  greater  quant ity  than  that  at  first  applied, 
a  portion  of  the  work  tliua  gained  might  be  made  use  of  to 
keep  the  machine  in  motion,  while  the  rest  of  the  work  mig^t 
be  applied  lo  any  other  purpose  whatever.  The  problem 
was,  to  find  in  tlve  complicated  not  of  reciprocal  actions,  a 
track  tlirough  chemical,  eloclricol,  ma^etical,  and  tbcrroie 
proccABCB,  back  lo  mechanical  actions,  wliich  might  be  followed 
with  a  final  gain  of  mechanical  work  ;  thus  would  the  perpet- 
ual motion  be  found. 

Bnt,  warned  by  the  futility  of  former  experiments,  the 
public  had  become  wiser.  On  the  whole,  people  did  not  suck 
miicli  after  combinations  which  promised  to  furnish  a  perpetual 
motion,  but  the  question  was  inverted.  It  was  no  more 
asked,  How  can  I  make  nse  of  the  known  and  unknown  rela- 
liooB  of  nalural  forces  so  as  to  conatruct  a  perpetual  motion? 
but  it  was  asked,  If  a  perpetual  motion  be  impossible,  what 
are  the  relations  which  must  subsist  between  natural  forces? 
Everything  was  gained  by  tliia  inversion  of  the  question. 
The  relations  of  natural  forces  rendered  necessary  by  tlie 
above  assumption,  might  be  easily  and  completely  staled.  It 
was  found  that  all  known  relations  of  force  harmoniKu  wiih 
the  consequences  of  that  assnmption,  and  a  series  of  uuknoivn 
rolationa  were  discovered  at  the  some  time,  the  corroctncaa  of 
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which  remained  to  be  proved.  If  a  single  one  of  them  could 
be  proved  false,  then  a  perpetual  motion  would  be  possible. 

The  first  who  endeavoured  to  travel  this  way  was  a  French- 
man, named  Camot,  in  the  year  1824.  In  spite  of  a  too 
limited  conception  of  his  subject,  and  an  incorrect  view  as  to 
the  natiu'e  of  heat,  which  led  him  to  some  erroneous  condift- 
sioDS,  his  experiment  was  not  quite  unsuccessful.  He  dis- 
covered a  law  which  now  bears  his  name,  and  to  which  I  will 
return  further  on. 

His  labors  remained  for  a  long  time  without  notice,  and  it 
was  not  till  eighteen  jears  afterwards,  that  is,  in  1842,  that 
different  investigators  in  different  countries,  and  independent 
of  Camot,  laid  hold  of  the  same  thought. 

The  first  who  saw  truly  the  general  law  here  referred  to, 
and  expressed  it  correctly,  was  a  German  physician,  J.  R. 
Mayer,  of  Heilbronn,  in  the  year  1842.  A  little  later,  in 
1843,  a  Dane,  named  Colding,  presented  a  memoir  to  the 
Academy  of  Copenhagen,  in  which  the  same  law  found  utter- 
ance, and  some  experiments  were  described  for  its  further 
corroboration.  In  England,  Joule  began  about  the  same  time 
to  make  experiments  having  reference  to  the  same  subject. 
We  oflen  find,  in  the  case  of  questions  to  the  solution  of 
which  the  development  of  science  points,  that  several  heads, 
quite  independent  of  each  other,  generate  exactly  the  same 
series  of  reflections. 

I  myself,  without  being  acquainted  with  cither  Mayer  or 
Colding,  and  having  first  made  the  acquaintance  of  Joule's 
experiments  at  the  end  of  my  investigation,  followed  the  same 
path.  I  endeavoured  to  ascertain  all  the  relations  between  the 
different  natural  processes,  which  followed  from  our  regarding 
them  from  the  above  point  of  view.  My  inquiry  was  made 
public  in  1847,  in  a  small  pamphlet  bearing  the  title,  ''  On 
the  Conservation  of  Force." 

Since  that  time  the  interest  of  the  scientific  public  for  this 
subject  has  gradually  augmented.     A  great  number  of  the 
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essential  conscqueacGB  of  ihe  above  i 
Bubjuct,  the  proof  ^f  which  was  wantiug  when  the  first 
llieorutic  notions  were  publiahed,  have  since  been  confirmed 
Ity  ezperiinent,  particularly  by  those  of  Joule ;  and  during 
tho  last  year  the  moat  eminent  physicist  of  France,  Begnault, 
has  adopted  the  new  mode  regarding  tho  qnoation,  and  by 
fresh  investigations  on  the  specific  heat  of  gases  has  contri- 
bnted  much  to  its  sapport.  For  some  important  conacqnenccs 
tho  experimental  proof  is  still  wanting,  hut  tlio  number  of 
confirmations  is  so  predominant,  that  I  have  not  deemed  it  ' 
too  early  to  bring  the  subject  before  even  a  non-seieutific 
audience. 

How  the  question  has  been  decided  you  may  already  infer 
from  what  haa  been  staled.  In  the  scries  of.natural  processes 
there  is  no  circuit  to  be  found,  by  which  mechanical  force  caa 
he  gained  without  a  corresponding  consumption.  The  per- 
petual motion  remains  impossible.  Our  refiections,  however, 
gain  thereby  a  higher  intcrosL 

Wo  have  thus  iar  regarded  the  development  of  force  by 
natural  processes,  only  in  its  relation  to  its  usefulness  to  man, 
OS  mechanical  force.  Yon  now  see  that  we  liave  arrived  at  s 
general  law,  which  holds  good  wholly  independent  of  thr 
application  wliich  man  makes  of  natural  forces ;  we  must 
therefore  make  the  expression  of  our  new  law  correspond  to 
this  more  general  significance.  It  is  in  tho  first  place  clear, 
that  tho  work  which,  by  any  natural  process  whatever,  ia  per- 
formed imder  favourable  conditions  by  a  machine,  and  which 
may  be  measured  in  the  way  already  indicated,  may  bo  nscd 
as  a  measure  of  force  common  to  all.  Further,  tho  impor- 
tant qoesliou  arises,  "  If  the  quantity  of  force  cannot  be  aug« 
mcnicd  except  by  corresponding  consumption,  cau  it  be 
diminished  or  lost?  For  the  [lurposc  of  our  machines  it  cer- 
Inialy  con,  if  we  neglect  the  opportunity  to  convert  natural 
processes  to  use,  but  as  invest igation  bas  proved,  not  for  a 
nature  ss  a  whole." 
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In  the  collision  and  Mction  of  bodies  against  each  otheri 
the  mechanics  of  former  years  assnmod  simply  that  living 
force  was  lost.  But  I  have  already  stated  that  each  collision 
and  each  act  of  friction  generates  heat ;  and,  moreover,  Joule 
has  established  by  experiment  the  important  law,  that  for 
every  foot-pound  of  force  which  is  lost,  a  definite  quantity  cf 
heat  is  always  generated,  and  that  when  work  is  performed 
by  the  consumption  of  heat,  for  each  foot-pound  thus  gained  a 
definite  quantity  of  heat  disappears.  The  quantity  of  heat 
necessary  to  raise  the  temperature  of  a  pound  of  water  a  de- 
gree of  the  centigrade  thermometer,  corresponds  to  a  mechani- 
cal force  by  which  a  pound  weight  would  be  raised  to  the 
height  of  1350  feet ;  we  name  this  quantity  the  mechanical 
equivalent  of  heat.  I  may  mention  here  that  these  facts  con- 
duct of  necessity  to  the  conclusion,  that  the  heat  is  not,  as 
was  formerly  imagined,  a  fine  imponderable  substance,  but 
that,  like  light,  it  is  a  peculiar  shivering  motion  of  the  ulti- 
mate particles  of  bodies.  In  collision  and  friction,  according 
to  tills  manner  of  viewing  the  subject,  the  motion  of  the  mass 
of  a  body  which  is  apparently  lost  is  converted  into  a  motion 
of  the  ultimate  particles  of  the  body ;  and  conversely,  when 
mechanical  force  is  generated  by  heat,  the  motion  of  the  ulti- 
mate particles  is  converted  into  a  motion  of  the  mass. 

Chemical  combinations  generate  heat,  and  the  quantity  of 
this  heat  is  totally  independent  of  the  time  and  steps  through 
wliich  the  combination  has  been  effected,  provided  that  other 
actions  are  not  at  the  same  time  brought  into  play.  If,  however, 
mechanical  work  is  at  the  same  time  accomplished,  as  in  the 
case  of  the  steam  engine,  we  obtain  as  touch  less  heat  as  is 
equivalent  to  this  work.  The  quantity  of  work  produc<jd  by 
chemical  force  is  in  general  very  great.  A  pound  of  the 
purest  coal  gives,  when  burnt,  sufficient  heat  to  raise  the  tem- 
perature of  808 G  pounds  of  water  one  degree  of  the  centi- 
grade thermometer ;  from  this  we  can  calculate  that  the  mag- 
nitude of  the  chemical  force  of  attraction  between  the  parti- 
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cloa  of  a  pound  of  coal  and  llic  qnantity  of  ox;f  gen  that  corre- 
sponds lo  it,  is  capable  of  liAing  a  wQight  of  ono  himilrei] 
ponads  to  a  heiglit  of  t'^enty  miles,  nDfortunatcly,  in  oar 
slcam  cogincs,  we  have  hilLorto  been  able  to  gain  only  UiQ 
enmllest  portion  of  this  work  ;  the  greater  part  is  loat  ia  the 
shape  of  heat.  Tbo  beat  oxpansivo  engines  give  back  aa 
mechanical  nork  only  eighteen  per  cent,  of  the  heat  generated 
by  the  fueL 

From  a  similar  investigation  of  all  the  other  known  physi- 
cal and  chemical  processes,  we  arrive  at  the  conclosion  that 
Nature  as  a  whole  possesses  a  store  of  force  which  cannot  in 
any  way  be  either  increased  or  diminished.  And  that,  there- 
fore, the  quantity  of  force  in  nature  is  just  as  eternal  and 
unalterable  as  the  quantity  of  matter.  Expressed  in  thia  form, 
I  have  named  the  general  law  "  The  Principle  of  the  Conse^ 
vation  of  Force." 

We  cannot  create  mechanical  force,  but  we  may  help  our- 
selves Irom  the  general  store-house  of  Nature.  The  brook 
and  the  wind,  which  di-ive  our  mills,  the  forest  and  the  coal- 
bed,  which  supply  our  steam  engines  and  warm  our  rooms, 
are  to  as  the  bearers  of  a  small  portion  of  the  great  natural 
supply  which  we  draw  upon  for  our  purposes,  and  llie  actions 
of  which  wo  can  apply  as  we  think  6t.  The  possessor  of  a 
miU  claims  the  gravity  of  the  descending  rivulet,  or  the  living 
force  of  tlic  moving  wind,  as  Ids  posscssiou.  These  por- 
ttOQS  of  the  store  of  Nature  ore  what  give  his  property  its 
chief  value . 

Further,  firom  the  (act  that  no  portion  of  force  con  be 
absolutely  lost,  it  docs  not  follow  that  a  portioa  may  not  be 
inapplicable  to  human  purposes.  In  this  respect  the  infer- 
ences drawn  by  William  Thomson  from  the  law  of  Camot 
are  of  importance.  This  law,  which  wns  discovered  by  Car- 
not  during  his  endcavoars  to  ascert^n  the  relations  between 
heal  and  mechanical  force,  which,  however,  by  no  means 
belongs  lo  the  Dec^asary  oonseqaences  of  the  coosorvatiun  of 
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force,  and  wiicii  Clanaiu  was  tlie  first  to  modi^  in  such  a 
msnoer  tlist  h  uo  km^er  oamradlcied  the  above  general  law, 
expresses  a  oertain  relation  between  the  oompressibiility.  the 
capacitr  for  beat,  and  the  expannon  b j  beat  of  aU  bodies.  It 
is  not  jet  ocmsidered  as  actnalfy'  proved,  but  some  remarkable 
deductions  baring  been  drawn  from  it,  and  afterwards  prored 
to  be  facts  by  experiment,  it  bas  attained  thereby  a  great 
degree  of  probabilitj.  Besdes  the  mathematical  form  in 
which  the  hiw  was  first  expressed  bj  Camot,  we  can  give  it 
the  following  more  general  expression : — **  Only  when  heat 
passes  from  a  warmer  to  a  colder  bodj,  and  even  then  only 
partially,  can  it  be  conrerted  into  mechanical  work.** 

The  heat  of  a  body  which  we  cannot  cool  fhrther,  cannot 
be  changed  into  another  form  of  force ;  into  the  electric  or 
chemical  force,  for  example.  Thus,  in  our  steam  engines, 
we  convert  a  portion  of  the  heat  of  the  glowing  coal  into 
work,  by  permitting  it  to  pass  to  the  less  warm  water  of  the 
boiler.  If,  however,  all  the  bodies  in  nature  had  the  same 
temperature,  it  would  be  impossible  to  convert  any  portion  of 
their  heat  into  mechanical  work.  According  to  this,  we  can 
divide  the  total  force  store  of  the  universe  into  two  parts,  one 
of  wliicli  is  heat,  and  must  continue  to  be  such ;  the  other,  to 
which  a  portion  of  the  heat  of  the  warmer  bodies,  and  the 
total  8up])ly  of  chemical,  mechanical,  electrical,  and  magneti- 
cal  forces  belong,  is  capable  of  the  most  varied  changes  of 
form,  and  constitutes  the  whole  wealth  of  change  which  takes 
place  in  nature. 

But  the  heat  of  the  warmer  bodies  strives  perpetually  to 
pass  to  bodies  less  warm  by  radition  and  conduction,  and  thus 
to  establish  an  equilibrium  of  temperature.  At  each  motion 
of  a  terrestrial  body,  a  portion  of  mechanical  force  passes  by 
'notion  or  collbion  into  heat,  of  which  only  a  part  can  be 

verted  back  again  into  mechanical  force.  This  is  also 
orally  the  case  in  every  electrical  and  chemical  process. 
n  this,  it  follows  tliat  the  first  portion  of  the  store  of  force. 


3 


TUB  FOBOES  OF  MATOKE  DISSIPATED  IN  HEAT.         230 

the  niichaiigcable  boat,  is  angmented  hy  every  natural  pro- 
cess, while  the  second  portioD,  mechaniraJ,  electrical,  and 
cheroii^ol  force,  must  bo  diminiBhcd ;  so  that  if  the  universe 
he  delivered  over  lo  the  nndistorbed  action  ol'  ila  physical  pro- 
cesses, all  force  will  finally  pass  into  the  form  of  heat,  and  all 
heat  i^ome  into  a  state  of  cquilibriiun.  Then  all  possibility  of 
a  further  change  would  be  at  an  eud,  and  the  complete  co^sa* 
tion  of  all  natural  prooeases  must  set  in.  The  life  of  men, 
animals,  and  plants,  could  not  of  course  conlinne  if  the  sun 
bad  lost  ils  hi^  temperature,  and  with  it  his  light, — if  all  the 
components  of  the  earUi'ei  surface  hwl  closed  those  combina- 
tions which  their  affinities  demand.  In  short,  the  universe 
from  that  time  forward  would  be  condemned  to  a  stat«  of 
eternal  rest. 

These  consequences  of  the  law  of  Camot  are,  of  conrse, 
only  valid,  provided  that  the  law,  when  sufficiently  tested, 
proves  to  be  anivcrsully  correct.  In  th^  mean  time  lhei«  is 
little  prospect  of  the  law  boiog  proved  incorrect.  At  all 
events  we  must  admire  the  sagacity  of  Thomson,  who,  in  the 
letters  of  a  long  known  little  mathematical  Ibrmula,  which 
only  speaks  of  the  heat,  volume,  and  pressure  of  bodies, 
was  able  to  discern  conser{uonccs  which  threatened  tbe  uni- 
verse, though  certainly  after  an  iuHnile  period  of  lime,  with 
eternal  death. 

I  have  already  given  you  notice  that  our  path  lay  through 
a  thorny  and  unrc&eshing  field  of  malhematico-mecbanical 
developments.  We  bnve  now  left  this  portion  of  our  road 
behind  us.  The  general  principle  which  I  have  sought  to  lay 
before  you  has  cowluctcd  us  to  a  point  from  which  our  view 
is  a  wide  one,  and,  aided  by  this  principle,  we  can  now  at 
pleasure  regard  this  or  the  other  side  of  the  surroandtng 
world,  according  as  our  interest  in  the  matter  leads  us,  A 
KliunBe  inio  the  narrow  laboratory  of  ihe  physicist,  with  iu 
email  appliances  ond  complicated  abstractions,  will  not  be  so 
■UracLire  aa  a  gUace  at  the  wide  heaven  above  us,  the  cloodst 
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•lie  r>'^r"-.  *'it»  -r -r,.:.-.  i.:,i  ^i-  U-nj  ■)»:in-j5  inmul  ria.  Wliil« 
■-...^riin-j  'iui  '.a-v^  ■\-:.:,  ;•.  .;■-»  '.►— c  i»-rhiL-..-i  nyiin  the  plivsi- 
.•ai  nr^"''?^?^^  -t'  "»*r7-v-- .-iivl  "  •■i.'.i-.-.  id  inr.iinilAe  -ilso  ro  tlie 
lufaT'Oi'"  'iriLlis.  'i-:  :nir  r-^-rj.in.-:  j'l  -iiat  lie  -iinii*  :'.;r'.':i  wiiifh, 
ii-riii'J  V.  "Ill*  -:ir:li*j  *ur:";i. -.  -r-  -.iJ  i-it::-     "ir-Z/irore  i,  airts 

po'V'ir  in.  ::!■»  nn.Tir-r.  n'-lie  im^iL-.-ur-irujIf  Lliraat  'kuble  atars 
whir'ti  ;ir"i  lov-meL  .7  ^xai'ri^  ~.ln*  --iirai*  iuT?  :id  tliosti  :?uh- 
aiada^r  '^rr-^t::!  riii*  *iir'.i  .in«i  morn :  :Iiar.  ■Iiiirf?r'.:rii,  tho 
liilht  i^<l  ^tiii^  '^t  vrr-^.-triiil  i;oiiit*s  :o  :i»:t  b.  an^  wnj  liiJir 
•^rffr^ariiill;'  ±-1:1  'lit -so  -.i'  :Li*  -jTin.  r  ■■:'  '.It;  nii.?:t  -iisTazt  dxuii 
itar :  '^ii^  "^i-  me'i^'Tii!  Tt.tie-  "vLiirii  ^i/cioriniiti  :all  rroni  ox- 
:i'r:in,l  -nmr?  •in/n.  ".lie  '■:ir'li  .17. •  -ir.rrai::!  ■:.E'ii:u.i:dj  tlio  same 
siuiDu*    ■•hi-iii:«-:il    -Tii  ^Tiint::;.-*    Jd    :li«.-r^    "^"itli   'A'lii.-u  we    are 

\ii\r.  I' --r-il  UiT-*  -■■  -\!.l.li  all  :  rr :2t rial  CiUiLral  r'r:>ov;a!?os 
1-.  J"' V-^r.  ^•'-  .^.i^'.  T  lii  i  :'..r  -Tlii-r  ji  «l:i:?  ili.12.  :Iio  oarth. 
^r.^  ■^'.\'.,  ■!.' V  ".*.'.•'■  '■..iiv :  "..-v  .:'  v^iT  la^  ro  -jiaa.'o  ovor  tLo 
i.«^■.^■■r:■.l.i  *.:'  "i.-^  '."^   :•  •:  '-^'-'^'^  r--'i:*::  :o  :i.i:  =:i>rc  ot  t«jrcj-^, 

A  f;  i ; .-. i ,' ■  r  o f  .- ! ;.  _^ lir^ r  7 •:«:Tiii. ■  r;:!.: ?  ir.  :!>;  struotiirL'  of  our 
r.l.-j.i  '-.r  '  ^ . -v-,vi  i;.'I;r;i*i;  tha:  ir  va.-?  ono.-  a  connoctcJ  mass 
V.  ith  a  ijr.iy#rrn  rnoririn  of  rotafion.  "\Vi:;..:.-.it  ?ik-ii  au  a.-*umi>- 
r.ion,  if.  \^  Irnp^-i-ilJ^:  to  oxpi/iin  \^hjr  all  ilio  planuts  move  in  tlic 
y.fnfic  i\iyt'f\iftu  rouri'l  the  j^iin.  v/liv  tl.rv  all  rotaie  iu  the  same 
clir'.'-tiori  round  fli^-lr  ftxo-»,  v/liy  ihe  [»lanefl  of  iLcir  orbits,  and 
tlio:'r-  n\'  llifir  pat*Hit<'H  nntl  riniir  all  ntarlv  coiuciJo.  wliv  all 
till  ir  oiIhI.-(  ilUYt-r  hilt  little  from  cinrleii;  and  much  besides. 
FniiM  \\ii-.At:  n  iruiiiiiii;r  itidif'ution.s  of  a  former  state,  astrono- 
iiH-ri  1 1  live  HliniM-d  nii  liypothc.Mi.s  rc^rarding  the  formation  of 
niir  {iliinrlnry  My.'ifcni,  wliicli,  u!t]ioii;:h  from  llie  nature  of  the 
I'll  !i«  ji  tiiirit  iwv  n'Tn!iin  .mm  Iiypolliesis,  still  in  its  special 
trait H  Ih  Mn  Will  Mipportnl  by  iinnlo;ry,  that  it  certainly  de- 
Mur  at  lent  ion.  It  was  Kant,  ^vho,  feel  i  up:  pront  inter- 
w  physical  iIeHcri))lion  of  the  earth  and  the  planetary 
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Bj-stem,  uml^irtook  the  lalwmr  of  studying  tho  works  of  New- 
Ion,  nn<l  fls  an  evidence  of  tho  depth  to  which  he  had  pone- 
tratoil  into  the  fiindomonlal  iiieas  of  Ncwtoa,  eeisod  the  ootioi; 
that  tie  some  attractive  force  of  all  ponderable  matter  which 
now  enpporls  tho  motion  of  the  planets,  must  also  aforetime 
have  been  able  to  form  from  matter  loosely  scattered  in  space 
the  planetary  system.  Afterwards,  and  independent  of  Kant, 
Laplace,  the  great  author  of  the  Mieaniqua  dicster  laid  hold 
of  the  same  thought,  and  introduced  it  among  astronomers. 

The  commencement  of  our  planetary  ej-stera,  including 
the  ann,  must,  according  to  this,  be  regarded  as  an  immense 
nebulous  mass  which  filled  tho  portion  of  space  which  is  now 
occupied  by  our  system,  far  beyond  the  limits  of  Nepttmc, 
our  most  distant  planet.  Evca  now  we  perhaps  sec  similar 
inuBSca  in  tho  distant  regions  of  the  firmament,  as  patches  of 
nebidic,  and  ucbulous  atars ;  witliin  our  system  also,  comets, 
tho  zodiacal  light,  the  corona  of  the  sua  diu*ing  a  total  eclipse, 
exhibit  remnants  of  a  nebulous  substance,  which  is  so  tliiu 
that  the  light  of  tho  stars  passes  through  it  nnenfechled  au<I 
nnrcfrnctcd.  If  wo  cnlculate  the  density  of  the  mass  of  our 
planetary  system,  according  to  tho  above  assumption,  for  tho 
time  when  it  was  a  nebulous  sphere,  which  reached  to  the 
path  of  the  onlmont  planet,  we  should  lind  that  it  would 
require  soveral  cubic  miles  of  such  matter  to  weigh  a  single 

The  general  attractive  force  of  all  matter  most,  however, 
impel  these  niassos  to  approach  each  olhcr,  and  to  condense, 
so  thai  tlio  nebulous  sphere  became  incesaanlly  smaller,  by 
which,  according  to  mechanical  laws,  a  motion  of  rotation 
orif^nally  slow,  and  the  existence  of  which  must  be  assumed, 
would  gmilaally  become  quicker  and  quicker.  By  the  cen- 
trifugal force  which  must  act  most  energetically  in  the  neigh- 
bourhood of  the  equator  of  Uie  nebulous  sphere,  masses 
could  from  time  to  time  bo  torn  away,  whicli  afterwards  would 
continae  their  coorses  separftto  from  the  main  mass,  forming 
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■It'  saster  -rhica.  ^vas  ~o  nosinzie  :ti£  nmirs  pkntsiBy 
'jem.  mr  ibn.  in  jcroriaiLee  '▼ixa  nir  sew  Isir.  dhs 
jbin^  It*  'Mrr&  -vmra.  is  me  rznie  inss  -mibiiL  -jit^rism.  is  wisalch. 
ni  wSMUM,  LadtstA  in  diu  rcaHftr;  ixi  immense  'iow^  ira^ 
b«Mb)^'^  JL  :iie  iimof^  ii  die  j^nrral  jxxradSijii  'it  ail  die  oar- 
dfties  !i)r  *at*ii  ich^.  Toxa  dbr^e.  -riiieiL  in  die  eartk  exdrts 
iueif  4fl  jrxTitj.  n!S  in  die  '^kAv^^ziiy  jpiu!^:^  Jft  irav  ^r.trrnTL. 
Aa  'AimntTJoi  irsLv^XT  -viien.  ix  iraw^  a  ▼^imc  *iijwnwar«L* 
p#irti*r3ia  -vark  jmt  z»nerat*a  '.*?«?  ■i'?t»*r-  i<)  ilso  die  aieaT»iiiiv 
rwii^i   ill  die   iome  -rieii  diev  ir!i-:r  m  -jtirtiDns  -Jt  Tistner 

Thi*  'thi^micai  :i>r?fti  zuxsc  aiiT*^  otitjn  aL?«:  oreseat.  tvailv 
Co  4i^. :  r.nc  M  'ii»*!W  riitrt^  i!an.  onlj  •-•'ime  inw  op^nicion 
by  ri-fci*  n*r,<»r,  •r.tin'jt:.*  ^j!irai!t  i^t*  die  -friEiriiiE  maifie!*,  or-s- 
dftnxA^Ion  rr^iwt  Hat*  uk^n  poice  ':et-:ri  die  plaj  ot'  chemical 

Vt'hethfir  a  sirill  fdrther  5iif  plj  ot  torce  in  the  shape  of 
h#:at  w^M  pTft^ent  at  'hft  commeacenieiLL  we  do  not  know.  Ai 
aH  cvhu^h^  hj  airl  of  th<^  Liw  of  the  eqairalence  of  heat  and 
w/^k^  we  find  in  the  mf^chanical  forces,  existinsr  at  the  time 
Uf  whtf'h  we  Tf^fiT^  unch  a  rich  source  of  heat  and  light,  that 
there  in  no  W'jfAtimXj  whatever  to  take  refuge  in  the  idea  of  u 
p\im\  f/[  \\\t'.f¥\  ff/TfJiH  ^/riginall J  existing.  When  through  con- 
ff^m^ation  of  the  m&Hw.si  their  particles  came  into  collision, 
mid  /'Iiinjr  U)  t'furh  other,  the  vis  viva  of  their  motion  would  be 
Ihen-hy  iinnlhihited,  and  must  reappear  as  heat.     Already  in 

Soori<*«,  It  hiiH  ]nu'U  falculatcd,  that  cosmical  masses  must 
itn  heuf  hy  their  collision,  hut  it  was  far  from  any  body's 
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ibonght,  to  make  even  a  gacss  at  the  omoimt  of  heat  to  be 
generated  Id  this  way.  At  present  vre  can  giro  deB&ile 
numerical  values  with  certain^. 

Let  us  make  this  addition  to  our  assumption  ;  that,  at  lliB 
commencement,  the  density  of  the  nebuicus  matter  waa  ayan- 
iahing  quantity,  as  comporcd  with  the  present  density  of  ibe 
Sim  aud  plunet^  ;  wo  can  then  calculate  how  much  work  has 
been  perlbrmed  by  the  coudenaation ;  we  can  further  calcu- 
late liow  much  of  this  work  Btill  esists  in  the  form  of  mceliani- 
cal  force,  as  attraction  of  the  planets  towards  the  sim,  and  as 
UM  viva  of  their  motion,  and  find,  by  this,  bow  much  of  the 
force  haa  been  converted  into  heat. 

The  result  of  Ibis  calctilatioi]  ia,  that  only  about  the  454th 
part  of  the  ori^nal  mechanical  force  remains  as  such,  and 
tliat  the  rumaindor,  converted  into  heat,  woulil  be  sufficient  lo 
raise  a  mass  of  water  equal  to  the  sun  and  planets  token  to- 
gether, not  less  than  twenty-eight  millions  of  degrees  of  the 
centigrade  scale.  For  the  sake  of  comparison,  I  will  mention 
that  the  highest  temperature  which  we  can  produce  by  the 
oxyhydrogen  blowpipe,  which  is  sufficient  to  fuse  and  vapor- 
ize even  platina,  and  wbii'b  but  few  bodies  can  endure,  ia 
estimated  at  about  two  thousand  ccatigrade  degrees.  Of  the 
aclioD  of  a  temperature  of  twenty-eight  miUioua  of  such  do- 
grces  wo  can  farm  no  notion.  If  the  mass  of  our  entire  sys- 
tem were  pure  coal,  by  the  combustion  of  the  whole  of  it  only 
the  35O0lh  part  of  the  above  quantity  would  bo  generated, 
This  is  abo  clear,  that  such  a  development  of  heat  most  have 
presented  the  greatest  obstacle  to  the  speedy  union  of  tlie 
masses,  that  the  larger  part  of  the  heal  must  have  been 
ditfuBcd  by  radiation  into  Space,  before  the  masses  could  form 
bodies  possessing  the  present  density  of  the  sun  and  plaiiuts, 
and  that  these  bodies  must  once  have  been  in  a  Gtata  of  fiery 
fluidity.  This  notion  is  corroborated  by  the  geological  phc- 
DOmena  of  our  planet ;  and  with  regard  to  the  olher  planetary 
bodies,  the  flattened  form  of  the  sphere,  which  in  the  form  of 
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r^-rsiai-  -.zr    or  Tinnpr  .i  j  "jsr.    ^ur  zot  :ir  ixe  ^itrreratt. 
It  -as  7rri'«e-itid  •uL.v^utf.  ird  iairr  Tmceeos   mrcrarns  imo 

•xnz^mzis  'he  T-ihrranoTB  ^z  izhi  xzni  otiai  -waes^s  jii  .wrrf 


J.  je  4Dn  it  AiiL'e  ii  Trraezi  7:'5sese«I  'rr  rur  sr^i 
lian  ^^Tn^-Lcir:  -o  Trrr^t^se  nainises  Jt  jeac.  It  jmr  r-arth 
T»>?T*  *^T-  I  TJirinczi  kiL'^'k  "jmxsn  "o  rest  ni  jer  nbiz  wiifi-t^ 
•g  irr  "o  'ir  ian^L  ji  "iie  *^:K:ar  irraii:z«*im*ziis  .)i  .mr  yr-^eia 

*r:;ft.L  '•"■   'iLai  Tr^"iiiL->i  17  tIic   -  mbiLrvLi.Ti    it  xiirTijtia  *ach. 

5:*r*,  r-^'"i^i»'^«i  "•'>  -ripi.Tir.     L-  'iiiii-  :a.i*  ear'Ji.  izi^r  having  toen 
lihna  '-,rviTr!it  Vj  r*ST.  ihculii  diH  inrc  'Jie  '?an.  -vbl.;!!  or  «ar«e 

K^^^r.  r.o^.  rr^-"i  dn-j*  :o  dzie-  rosi  a  prcct:?*  b  repeated 
or.  «  sjrrAlI  fl^Al.'%  T-.-sri  caz.  Larllj  ce  a  douhc  that  metoors, 
f^rf"^»^Vi*^  *-'!  nwtftono  stores,  are  ma^*.:*  wbioh  belong  to 
f>,/.  ririIy'T.<^:,  and  Worft  cominj  into  iL-i  doniain  01' our  earth, 
u\fnfA  WVn  \\\fi  plam:*^  r^*Tind  the  snn.  Only  when  they  enter 
t,ur  ftt/rio«fiJi':r^.  Ho  th^jj  V:Come  vislhle  and  fall  s*Dxnctimcs  to 
fl,/  /firtfi.  In  orlr-.r  to  explain  the  emission  of  light  by 
til/.'-.  lio/IW*,  ftn'l  th^s  ffi^-t  that  for  i?omo  time  after  their 
«|M«/f,t  lli/'-y  HP-,  wi'vy  hot,  thf;  friction  wa3  lonpr  ago  thought 
•if  wlii'h  lli'-y  f.xprrio.nco  in  parsing  through  the  air.  We 
n  now  rnU'iilttto  that  a  velocity  of  3000  feet  a  second, 
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■iipposiug  the  whole  of  the  friction  to  bo  expended  in  beating 
the  Bolid  mass,  would  raise  &  piece  of  motooric  iron  1000"  C. 
in  temperalnrij,  or,  in  other  words,  to  a  vivid  red  heat.  Now 
the  average  vebcily  of  the  mcloors  seems  to  be  thirty  or  forty 
times  the  above  amount.  To  eompensatc  this,  however,  the 
greater  portion  of  the  beat  is,  doubtless,  carried  away  by  the 
condensed  mass  of  air  which  the  meteor  drives  before  it.  It 
is  known  that  bright  meteors  geoerolly  leave  a  luminous  trail 
behind  tliem,  which  probably  consists  of  several  portions  of 
the  red-hot  surfaces.  Meteoric  masses  which  fall  to  the  earth 
often  burst  with  a  violent  explosion,  which  may  be  regarded 
as  a  result  of  the  quick  heating.  The  newly-fallen  pieces 
have  bcca  for  the  most  part  found  hot,  but  not  red-hot,  which 
is  eneily  explainable  by  the  circumstance,  that  during  the 
short  time  occupied  by  the  meteor  in  passing  through  tho 
atmosphere,  only  a  thin,  superficial  layer  is  heated  to  redness, 
while  but  a  small  quantity  of  heat  has  been  able  to  penetrate 
to  tho  interior  of  the  mass.  For  this  reason  the  red  heat  can 
speedily  disappear. 

Thus  has  the  falling  of  tbo  meteoric  stone,  tho  minute 
remnant  of  processes  which  seems  to  have  played  an  impoi^ 
tnnt  part  in  the  formation  of  the  heavenly  bodies,  conducted 
us  to  the  present  time,  where  we  pass  from  tho  darkness  of 
hypothetical  views  to  tho  brightness  of  knowledge.  In  what 
wo  have  said,  however,  all  that  is  hypothotical  is  the  assump- 
tion of  Kant  and  Laplace,  that  the  masses  of  our  system  were 
once  distributed  as  ncbubc  in  Bpacc. 

On  account  of  tho  rarity  of  tho  cose,  we  will  still  further 
remark,  in  what  elose  coincidence  the  results  of  aeience  hero 
stand  with  tho  earlier  legends  of  the  hiunan  fomily,  and  tlic 
forebodings  of  poetic  fancy.  Tho  cosmogony  of  ancient  na- 
tions generally  commences  wilh  chaos  and  darkness. 

Neither  is  the  Mosaic  tradition  very  divergent,  particu- 
larly when  wo  remember  that  that  which  Mosca  names  heaven 
is  different  firom  the  blue  domo  above  ns,  and  is  synonymous 
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with  space,  and  that  the  nnfonned  earth,  and  the  waters  of 
the  great  deep,  which  were  afterwards  divided  into  waters 
above  the  firmament,  and  waters  below  the  firmament,  resem- 
bled  the  chaotic  components  of  the  world. 

Oar  earth  bears  still  the  muni^ftakable  traces  of  its  old 
fiery  fluid  condition.  The  granite  formations  of  her  moim» 
tains  exhibit  a  stmctore,  which  can  only  be  produced  bj  the 
crystallization  of  fused  masses.  Investigation  still  shows 
that  the  temperature  in  mines,  and  borings,  increases  as  we 
descend ;  and  if  this  increase  is  uniform,  at  the  depth  of  fifty 
mUes,  a  heat  exists  sufficient  to  fuse  all  our  minerals.  Even 
now  our  volcanoes  project,  firom  time  to  time,  mighty  masses 
of  fused  rocks  from  their  interior,  as  a  testimony  of  the  heat 
which  exists  there.  But  the  cooled  crust  of  the  earth  has 
already  become  so  thick,  that,  as  may  be  shown  by  calcula- 
tions of  its  conductive  power,  the  heat  coming  to  the  surface 
from  within,  in  comparison  with  that  reaching  the  earth  from 
the  sun,  is  exceedingly  small,  and  increases  the  temperature 
of  the  surface  only  about  one  thirtieth  of  a  degree  centigrade  ; 
so  that  the  remnant  of  the  old  store  of  force  which  is  enclosed 
as  heat  within  the  bowels  of  the  earth,  has  a  sensible  influence 
upon  the  processes  at  the  earth's  surface,  only  through  the 
instrumentality  of  volcanic  phenomena.  These  processes  owe 
their  power  almost  wholly  to  the  action  of  other  heavenly  bodies^ 
particularly  to  the  light  and  heal  of  the  suuj  and  partly  also, 
in  the  case  of  the  tides,  to  the  attraction  of  the  sun  and  moon. 

Most  varied  and  numerous  are  the  changes  which  we  owe 
to  the  light  and  heat  of  the  sun.  The  sun  heats  our  atmos- 
phcre  irregularly,  the  warm  rarefied  air  ascends,  while  fresh 
cool  air  flows  from  the  sides  to  supply  its  place :  in  this  way 
winds  arc  generated.  This  action  is  most  powerful  at  the 
eqnator,  the  warm  air  of  which  incessantly  flows  in  the  upper 
.  regions  of  the  atmosphere  towards  the  poles :  while  just  as 

^istcntly,  at  the  earth's  surface,  the  trade  wind  carries  new 
ool  air  to  the  equator.    Without  the  heat  of  the  sun  all 
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winds  must,  of  iiec«8sily,  cease.  Similar  cuirenta  ore  pro 
duci'd  by  the  aarae  cause  id  tho  waters  of  the  sea.  Their  pow- 
er mnj  bo  inferred  from  the  influonee  whit^li  in  some  cnsca 
(hey  csert  upon  climate  By  tliem  the  warm  water  of  the 
Antilles  is  carried  to  the  British  Isles,  and  coofcra  upoa  them 
a  mild,  uniform  warmth  and  rit^h  moistare ;  while,  through 
iimilar  canses,  the  floating  ice  of  (he  North  Pole  is  carried  to 
tlie  eoasl  of  NewfouuiUund,  uud  produces  cold.  Further,  by 
the  heat  of  the  aun,  a  portion  of  the  water  is  eonvcrted  into 
vapour  which  rises  in  the  atmospliere,  is  condensed  to  clouds, 
or  faUs  in  ram  and  snow  upon  the  earth,  collects  in  the  form 
of  springs,  brooka,  and  rivers,  and  flnally  reaches  the  sea 
again,  after  having  gnawed  the  rocks,  carried  away  the  light 
earth,  and  thus  performed  its  part  in  the  geologic  ebauges  of 
the  earth ;  perhaps,  besides  all  this  it  has  driven  our  water- 
mill  upon  ita  way.  If  the  heat  of  the  sun  were  withdrawn, 
thnro  would  remain  only  a  single  motion  of  water,  namely, 
the  tides,  which  are  produced  by  the  attraction  of  the  sun  and 
moon. 

How  is  it,  now,  with  the  motions  and  the  work  of  organic 
beings.  To  the  builders  of  the  automata  of  the  last  century, 
men  and  animals  appeared  as  clockn'ork  which  was  never 
wound  up,  and  crealiid  tho  force  which  they  exerted  out  of 
nothing.  They  did  not  know  how  to  establish  a  connection 
between  the  nutriment  consumed  and  the  work  generated. 
Since,  however,  we  have  learned  to  diacom  in  tho  steam-en- 
gine this  origin  of  mechanical  force,  we  must  inquire  whether 
something  similar  does  not  hold  good  with  reganl  to  men.  Iu> 
deed,  the  coatinuatton  of  lift!  is  dopendont  on  the  consuinptiou 
of  Dulritivo materials  :  thcscare  combustible  suhstanccs,  which, 
after  digcBliou  and  being  passed  into  the  blood,  actually  under- 
go a  stow  combustion,  and  finaUy  enter  into  ahnost  tho  same 
comhinations  with  tho  oxygon  of  the  atmosphere  that  are  pro- 
duced in  an  open  fire.  As  the  quantity  of  heat  generated  by 
combustion  ia  independent  of  the  duration  of  the  combustion  and 
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the  steps  in  which  it  occurs,  we  can  calculate  from  the  mass  of 
the  consumed  material  how  much  heat,  or  its  equivalent  work 
is  thereby  generated  in  an  animal  body.  Unfortonatelj,  the 
difficulty  of  the  experiments  is  still  very  great ;  but  within 
those  limits  of  accuracy  which  have  been  as  yet  attainable,  the 
experiments  show  that  the  heat  generated  in  the  ftnimftl  body 
corresponds  to  the  amount  which  would  be  generated  by  the 
chemical  processes.  The  animal  body  therefore  does  not  differ 
from  the  steam-engine,  as  regards  the  manner  in  which  it 
obtains  heat  and  force,  but  does  differ  firom  it  in  the  man- 
ner in  which  the  force  gained  is  to  be  made  use  of.  The 
body  is,  besides,  more  limited  than  the  machine  in  the  choice 
of  its  fuel ;  the  latter  could  be  heated  with  sugar,  with  starch- 
flour,  and  butter,  just  as  well  as  with  coal  or  wood ;  the  ani- 
mal body  must  dissolve  its  materials  artificially,  and  distribute 
them  through  its  system ;  it  must,  further,  perpetually  renew 
the  used-up  materials  of  ita  organs,  and  as  it  cannot  itself 
create  the  matter  necessary  for  this,  the  matter  must  come 
from  without.  Liebig  was  the  first  to  point  out  tlicse  various 
uses  of  the  consumed  nutriment.  As  material  for  the  perpet- 
ual renewal  of  the  body,  it  seems  that  certain  definite  albumi- 
nous substances  which  appear  in  plants,  and  form  the  chief 
mass  of  the  animal  body,  can  alone  be  used.  They  form  only 
a  portion  of  the  mass  of  nutriment  taken  daily ;  the  remain- 
der, sugar,  starch,  fat,  are  really  only  materials  for  warming, 
and  are  perhaps  not  to  bo  superseded  by  coal,  simply  because 
the  latter  does  not  permit  itself  to  be  dissolved. 

If,  then,  the  processes  in  the  animal  body  are  not  in  this 
respect  to  be  distinguished  from  inorganic  processes,  the  ques- 
tion arises,  whence  comes  the  nutriment  which  constitutes 
the  source  of  tlie  body's  force?  The  answer  is,  from  the 
vegetable  kingdom ;  for  only  the  material  of  plants,  or  the 
flesh  of  plant-eating  animals,  can  be  made  use  of  for  food. 
The  animals  whidi  live  on  plants  occupy  a  mean  position 
between  carnivorous  animals,  in  i^  hich  we  reckon  man,  and 
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regotablea,  which  the  former  could  not  make  use  of  inimedi- 
attly  08  nutriment.  la  hay  anil  grass  the  sniue  nutritive  eai^ 
BtiuiCGS  arc  proscnt  as  In  meal  ao'l  tlour,  but  in  less  quantity. 
As,  however,  the  digestive  organs  of  man  arc  not  in  a  condi- 
tion to  eKtmct  the  small  quantity  of  the  useful  from  the  great 
excess  of  the  insoluble,  we  snbnut,  in  the  lirst  placci  iheee 
substances  to  the  powerful  digestion  of  the  ox,  permit  the 
nourialuncnt  to  store  itself  in  the  animal's  body,  in  order  in 
the  end  to  gain  it  for  ourselves  in  a  more  agreeable  and  usc- 
fij  form.  In  answer  to  our  question,  llterefore,  wo  are  r^ 
fcrred  to  the  vegetable  world.  Now  whei»  what  ptants  take 
in  and  what  they  give  out  are  made  the  subjects  of  invostigo- 
tJon,  we  find  that  the  principal  part  of  the  former  consists  in 
the  produds  of  comboslion  which  are  generated  by  the  ani- 
mal. Thoy  take  the  constmiod  carbon  given  off  in  respira- 
tion, OS  carbonic  acid,  from  llie  air,  the  consumed  hydrogen 
as  water,  the  nitrogen  iu  its  simplest  and  closest  combination 
OS  ammonia ;  and  from  these  materials,  with  the  assistance 
of  small  ingredients  which  Ihcy  toko  Irom  the  soil,  tliey  gen- 
erate anew  the  compound  combnatihle  Buhstances,  albumen, 
sugar,  oil,  on  which  the  animal  subsists.  Here,  therefore,  is 
a  ciri-uit  which  appears  to  be  a  pcqietual  store  of  force. 
Ilants  prepare  fuel  and  natriment,  animals  consume  these, 
bnm  tliem  slowly  iu  their  lungs,  and  from  the  products  of 
GombiistioD  the  plants  again  derive  their  nutriment.  The 
latter  is  an  eternal  sourco  of  chemical,  the  former  of  mechan- 
ical forces.  Would  not  the  combinaliou  of  both  organic  ki&^ 
doms  produce  the  perpetual  motion?  We  must  not  cuncJude 
hastily :  further  inquiry  shows,  that  plants  ore  capable  of  pro- 
ducing combustible  substances  only  when  they  are  uuder  the 
influence  of  the  sun.  A  portion  of  the  sun's  ritys  cx-liibils  it 
remarkable  relation  to  chemical  forces, — it  can  produce  and 
destroy  chemical  combina^ona ;  and  these  rays,  which  for  the 
most  port  are  blue  or  violet,  ore  called  therefore  chemical 
mys.     Wo  make  uqe  of  their  action  in  the  prodnction  of  pho- 
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togr^IiB.  Here  compoimda  of  ^Ter  are  decomposed  at  Uie 
place  where  ihe  ann's  t&jb  strike  them.  The  same  rays  over- 
pover  in  the  gre^  leaves  of  plants  the  strong  chemical  affinity 
of  the  carbon  of  the  carbooic  acid  for  oxygen,  give  back  the 
latter  Iree  to  the  atmosphere,  and  accmualate  tlic  other,  in 
combinatioa  with  other  bodies,  as  woody  fibre,  starch,  oil,  or 
leun.  These  <^emically  active  rays  of  the  son  disappear 
completely  as  soon  as  they  euconntcr  the  green  portions  of  the 
plants,  and  hence  it  is  that  in  dagnerrotype  images  the  green 
leaves  of  plants  appear  nnifbrmly  black.  Inasmach  as  the 
lig^  coming  from  them  does  not  contain  the  chemical  rays,  it 
is  nnable  to  act  upon  tlie  sUver  compounds. 

Hence  a  certun  portion  of  force  disappears  from  the  san- 
li^t,  whilo  comhostible  sabstances  are  generated  and  accumu- 
lated in  plants ;  and  we  can  assume  it  as  very  probable,  that 
the  former  ts  the  cause  of  the  latter.  I  must  indeed  remark, 
that  we  are  in  possession  of  no  experiments  from  which  we 
mi^t  determine  whether  the  vi»  viva  of  the  sun's  rays  wliich 
have  disappeared,  corresponds  to  the  chemical  forces  accumu- 
lated dtuing  the  same  time  j  and  as  long  as  these  experiments 
are  wanting,  we  cannot  regard  the  stated  relation  as  a  cer- 
tunty.  If  this  view  should  prove  correct,  we  derive  from  it 
the  flattering  result,  that  all  force,  by  means  of  which  our  bodies 
live  and  move,  finds  its  eoorce  in  the  purest  sunlight ;  and 
hence  we  are  all,  in  point  of  nobility,  not  behind  the  race  of  the 
great  monarch  of  China,  who  heretofore  alone  called  himself 
Son  of  tho  Sun.  But  it  must  also  be  conceded  that  our  lower 
feUow-beings,  the  Irt^  and  leocb,  share  the  same  ethereal 
origin,  as  also  the  whole  vegetable  world,  and  even  the  fuel 
which  comes  to  us  from  the  ages  past,  as  well  as  the  youngest 
offspring  of  the  forest  with  which  we  heat  our  stoves  and  set 
our  machines  in  motion. 

You  see,  then,  that  the  immense  wealth  of  evciHthanging 
meteorological,  climatic,  geological,  and  organic  processes  of 
our  earth  are  almost  wholly  preserved  in  action  by  the  lighi 
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and  heat-giving  rays  of  tho  sun ;  and  you  boo  in  this  a 
markablo  example,  how  Protens-like  the  effecls  of  a  8 
cause,  under  altered  external  conditions,  may  exliibit  ilaelf  in 
nature.  Besides  IheMe,  the  earlh  experiencca  an  action  of 
another  kind  from  its  central  luminary,  as  well  as  from  its 
satellite  the  moon,  which  eshibiw  itself  in  the  remarkable 
phenomenon  of  the  ebb  aad  flow  of  the  tide. 

Each  of  these  bodies  excites,  by  its  attmclioa  npon  tho 
waters  of  the  sea,  two  gigantic  waves,  which  flow  in  the  same 
direction  round  the  world,  as  the  attracting  bodies  IhcmselTcs 
apparently  do.  The  two  waves  of  the  moon,  on  account  of 
her  greater  nearness,  aro  abont  llkrce  and  a  half  limes  as  largo 
OS  those  excited  by  the  sun.  One  of  these  waves  has  its  crest 
on  the  quarter  of  the  earth's  surface  which  is  turned  towards 
the  moon,  the  other  is  at  the  opposite  side.  Both  those  qua> 
ters  possess  the  flow  of  the  tide,  while  the  regions  which  lie 
between  have  the  ebb.  Although  in  the  open  sea  the  height 
of  the  tide  amounts  to  only  about  three  feet,  and  only  in  cer- 
tain narrow  channels,  where  the  moving  water  is  squeezed 
together,  rises  to  thirty  feet,  the  might  of  the  phenomena  is 
nevertheless  manifest  from  the  calculation  of  Bcssel,  accord- 
ing to  which  a  quarter  of  tlie  etirlh  covered  by  the  sea  pos- 
aessea,  during  tlio  flow  of  the  tide,  about  25,000  cubic  miles 
of  water  more  than  during  tho  ebb,  and  that  therefore  such  a 
mass  of  water  must,  in  six  and  a  quarter  hours,  flow  {ram 
one  quarter  of  the  earlh  to  the  other. 

Tho  phenomena  of  the  ebb  and  flow,  as  already  recognised 
by  Mayer,  combined  with  tlie  law  of  the  conservation  of  force, 
stand  in  remarkable  connection  with  the  question  of  tho  sta- 
bility of  our  planetary  system.  The  mechanical  theory  of  tho 
planotorj  motions  discovered  by  Newton  teaches,  that  if  a 
solid  body  in  absolute  vacuo,  attracted  by  the  sun,  move 
around  him  in  the  same  manner  as  the  planets,  this  motion 
will  endure  unchanged  through  all  etcrmty. 

Now  we  have  actually  not  only  one,  but  several  such 
11 
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planets,  which  move  around  the  sun,  and  by  their  mutual 
attraction  create  little  changes  and  disturbances  in  each  other's 
paths.  Nevertheless  Laplace,  in  his  great  work,  the  Mecan^ 
igue  Celeste^  has  proved  that  in  our  planetary  system  all  these 
disturbances  increase  and  diminish  periodically,  and  can  never 
exceed  certain  limits,  so  that  by  this  cause  the  eternal  exist- 
ence  of  the  planetary  system  is  unendangered. 

But  I  have  already  named  two  assumptions  which  must  be 
made :  first  that  the  celestial  spaces  must  be  absolutely  empty ; 
and  secondly,  that  the  sun  and  planets  must  be  solid  bodies. 
The  first  is  at  least  the  case  as  far  as  astronomical  observa- 
tions reach,  for  they  have  never  been  able  to  detect  any  retar- 
dation of  the  planets,  such  as  would  occur  if  they  moved  in  a 
resisting  medium.  But  on  a  body  of  less  mass,  the  comet  of 
Encke,  changes  are  observed  of  such  a  nature :  this  comet  de- 
scribes ellipses  round  the  sun  which  are  becoming  gradually 
smaller.  If  this  kind  of  motion,  which  certainly  corresponds 
to  that  through  a  resisting  medium,  be  actually  due  to  the  ex- 
istence of  such  a  medium,  a  time  will  come  when  the  comet 
will  strike  the  sun ;  and  a  similar  end  threatens  all  the  planets, 
although  afler  a  time,  the  length  of  which  baffles  our  imagina- 
tion to  conceive  of  it.  But  even  should  the  existence  of  a  re- 
sisting medium  appear  doubtful  to  us,  there  is  no  doubt  that 
the  planets  are  not  wholly  composed  of  solid  materials  which 
are  inseparably  bound  togetlicr.  Signs  of  the  existence  of  an 
atmosphere  are  observed  on  the  Sun,  on  Yenus,  Mars,  Jupi- 
ter, and  Saturn.  Signs  of  water  and  ice  upon  Mars ;  and 
our  earth  has  undoubtedly  a  fluid  portion  on  its  surface, 
and  perhaps  a  stUl  greater  portion  of  fluid  within  it.  The 
motions  of  the  tides,  however,  produce  friction,  all  friction 
destroys  vis  viva,  and  the  loss  in  this  case  can  only  affect  the 
vis  viva  of  the  planetary  system.  We  come  thereby  to  the 
unavoidable  conclusion,  that  every  tide,  although  with  infinite 
slowness,  still  with  certainty,  diminishes  the  store  of  mechani- 
cal force  of  the  system ;  and  as  a  consequence  of  this,  the  ro- 
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Uttlen  of  the  planels  in  qacstioD  ronod  tbcir  axes  must  become 
more  slow  ;  thoy  must  tUereforo  approach  the  sun,  or  their 
BalcUil«s  must  approach  them.  What  length  of  time  must 
pass  before  the  leugth  of  our  day  is  dimiuisLed  one  second  by 
the  action  of  the  tide  cannot  be  colcukited,  until  the  height 
and  time  of  the  tide  in  aU  portions  of  the  ocean  arc  known. 
This  alteration,  however,  toiea  place  with  eitreme  elowneaa, 
as  is  known  by  the  consequences  which  Laplace  has  deduced 
Irom  the  observations  of  Hipparclius,  according  to  which, 
during  a  period  of  2000  years,  the  duration  of  the  day  has 
not  been  shortened  by  the  one  three  hundredth  part  of  a  sec- 
ond. The  finol  consequence  would  be,  but  after  millions  of 
years,  if  in  the  mean  time  the  ocean  did  not  become  frOECn, 
that  one  side  of  the  carlh  would  bo  constantly  turned  towards 
tlio  sun,  and  enjoy  a  perpetual  day,  whereas  the  opposite  side 
would  be  involved  in  eternal  night.  Snch  a  posilionwc 
observe  in  our  moon  with  regard  to  the  earth,  and  also  in  the 
case  of  the  satelliles  as  regards  their  planets  ;  it  is,  perhaps, 
due  to  the  octTon  of  the  mighty  ebb  and  flow  to  which  these 
bodies,  in  the  time  of  tlioir  fiery  fluid  condition,  were  sub- 
jected. 

I  would  not  have  brought  forward  these  conclusions,  which 
again  plunge  us  in  the  most  distant  futtire,  if  they  were  not 
unavoidable.  Physico-moehanical  laws  are,  as  it  were,  Iho 
telescopes  of  our  Bpirilna]  eye,  which  can  penetrate  into  the 
det-pcst  night  of  time,  past  and  to  come. 

Another  essential  question  as  regards  the  fiiluro'^f  our 
planetary  system  Ims  reference  to  its  ftituro  temperature  and 
illamination.  Aa  the  internal  heat  of  the  earth  has  but  little 
inlluence  on  the  temperature  of  the  surface,  the  heat  of  the 
sun  is  the  only  thing  which  essentially  afleeta  the  question. 
The  quantity  of  heat  falling  from  the  sun  during  a  given  time 
Dpon  a  given  portion  of  the  earth's  surface  may  be  measured, 
and  from  lliis  it  can  be  calculated  how  much  heat  in  a  given 
time  b  sent  out- from  the  entire  sun.     Such  mcosorementa 
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have  been  made  by  the  French  physiciflt  Fooillet,  and  it  has 
been  found  that  the  son  gives  out  a  quantity  of  heat  per  hour 
equal  to  that  which  a  hiyer  of  the  densest  coal  ten  feet  thick 
would  give  out  by  its  combustion ;  and  hence  in  a  year  a 
quantity  equal  to  the  combustion  of  a  layer  of  seventeen  miles. 
If  this  heat  were  drawn  uniformly  from  the  entire  mass  of  the 
gun,  its  temperature  would  only  be  diminished  thereby  one  and 
one  third  of  a  degree  centigrade  per  year,  assuming  its  capi^ 
atj  for  heat  to  be  equal  to  that  of  water.  These  results  can 
give  us  an  idea  of  the  magnitude  of  the  emission,  in  relation 
to  the  sur&ce  and  mass  of  the  sun ;  but  they  cannot  inform 
us  whether  the  sun  radiates  heat  as  a  glowing  body,  which 
since  its  formation  has  its  heat  accumulated  within  it,  or 
whether  a  new  generation  of  heat  by  chemical  processes 
takes  place  at  the  sun's  surface.  At  all  events  the  law  of  the 
conservation  of  force  teaches  us  that  no  process  analogous  to 
those  known  at  the  surface  of  the  earth,  can  supply  for  eternity 
an  inexhaustible  amount  of  light  and  heat  to  the  sun.  But 
the  same  law  also  teaches  that  the  store  of  force  at  present 
existing,  as  heat,  or  as  what  may  become  heat,  is  sufficient  for 
an  immeasurable  time.  With  regard  to  the  store  of  chemical 
force  in  the  sun,  we  can  form  no  conjecture,  and  the  store  of 
heat  there  existing  can  only  be  determined  by  very  imccrtain 
estimations.  If,  however,  we  adopt  the  very  probable  view, 
that  the  remarkably  small  density  of  so  large  a  body  is  caused 
by  its  high  temperature,  and  may  become  greater  in  time,  it 
may  be  calculated  that  if  the  diameter  of  the  sun  were  dimin- 
ished only  the  ten-thousandth  part  of  its  present  length,  by 
this  act  a  sufllcicnt  quantity  of  heat  would  be  generated  to 
cover  the  total  emission  for  2100  years.  Such  a  small  change 
besides  it  would  bo  difficult  to  detect  even  by  the  finest  astro- 
nomical observations. 

'sed,  from  the  commencement  of  the  period  during 

G  possetis  historic  accounts,  that  is,  for  a  period  of 

K)  years,  the  temperature  of  the  earth  has  not  sensi- 
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blj  diminiblied.  From  thcBO  old  ages  we  have  c«rtainlj'  no 
liiennometrio  observations,  but  wo  have  iaformation  regard- 
ing the  distribution  of  certain  cullivatod  plants,  the  vine,  the 
olive  tree,  which  arc  very  ecnaitive  to  changes  of  the  mean 
annual  lemperature,  and  we  find  that  these  plunls  at  the  pros- 
ent  moment  have  the  same  limits  of  distribution  that  they  had 
in  the  times  of  Abraham  and  Homer  ;  from  which  we  may  in- 
fer backwards  the  constancy  of  the  climate. 

In  ojipoailion  to  this  it  has  been  urged,  that  here  in  Fmssia 
the  German  knights  in  former  times  cultivated  the  vino, 
cellared  their  own  wine  and  drank  it,  which  is  no  longer  pos- 
sible. From  tins  the  conclusion  has  been  drawn,  that  the 
heat  of  our  climate  has  diminished  since  the  time  referred  to. 
Against  this,  however.  Dove  has  cited  the  reports  of  ancient 
chroniclers,  according  to  which,  in  some  peculiarly  hot  years, 
the  Prnssian  grape  possessed  somewhat  loss  than  its  usoal 
quantity  of  acid.  The  fact  also  speaks  not  so  much  for  the 
climate  of  the  conntry  as  for  the  throats  of  the  German 
drinkers. 

But  even  though  the  force  store  of  our  planetary  aystcm 
is  so  immensely  great,  that  by  the  incessant  emission  which 
has  occurred  dutmg  the  period  of  human  history  il  has  not 
been  sensibly  diminished,  even  though  the  length  of  the  time 
which  must  flow  by,  before  a  scnsiblo  change  in  the  stale  of 
our  planetary  system  occurs,  is  totally  incapable  of  measure- 
ment,  slill  the  inexorable  laws  of  mechanics  indicate  that  this 
store  of  forco,  which  can  only  suffer  loss  and  not  gain,  must 
bo  finally  cihausled.  Shall  we  Jcrrlfy  ourselves  by  this 
thought?  Men  are  ia  the  habit  of  measuring  Ibe  greatness 
and  the  wisdom  of  the  universe  by  the  duration  and  the  profit 
which  it  promises  to  their  own  race  ;  but  ilie  past  history  of 
the  earth  already  shows  what  an  insignificant  moment  tho 
duration  of  the  existence  of  oar  race  upon  it  constitutes.  A 
Nineveh  vessel,  a  Soman  sword  awakes  in  na  tho  conccplioa 
of  grey  autiqoily.    What  the  museums  of  Europe  show  us  o 
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tho  remains  of  Egypt  and  Assyria  we  gazo  upon  with  silent 
astonishment,  and  despair  of  being  able  to  carry  our  thoughts 
back  to  a  period  so  remote.  Still  must  the  human  race  have 
existed  for  ages,  and  multiplied  itself  before  the  pyramids  of 
Nineveh  could  have  been  erected.  We  estimate  the  duration 
of  himian  history  at  6000  years ;  but  immeasurable  as  this  time 
may  appear  to  us,  what  is  it  in  comparison  with  the  time  dur^ 
ing  which  the  earth  carried  successive  series  of  rank  plants 
and  mighty  animals,  and  no  men ;  during  which  in  our  neigh- 
bourhood tho  amber-tree  bloomed,  and  dropped  its  costly  gum 
on  the  earth  and  in  the  sea ;  when  in  Siberia,  Europe  and 
North  America  groves  of  tropical  palms  flourished ;  where 
gigantic  lizards,  and  aflcr  them  elephants,  whose  mighty  re^ 
mains  we  still  find  buried  in  the  earth,  found  a  home?  Dif- 
ferent geologists,  proceeding  from  different  premises,  have 
sought  to  estimate  the  duration  of  the  above  creative  period, 
and  vary  firom  a  million  to  nine  million  years.  And  the  time 
during  which  the  earth  generated  organic  beings  is  again 
small  when  wo  compare  it  with  tho  ages  during  which  the 
world  was  a  ball  of  fused  rocks.  For  tho  duration  of  its  cool- 
ing from  2000°  to  200°  centigrade,  tho  experiments  of  Bishop 
upon  basalt  show  that  about  350  millions  of  years  would  be 
necessary.  And  with  regard  to  the  time  during  which  the  first 
nebulous  mass  condensed  into  our  planetary  system,  our  moat 
daring  conjectures  must  cease.  The  history  of  man,  there 
fore,  is  but  a  short  ripple  in  tho  ocean  of  time.  For  a  much 
longer  series  of  years  than  that  during  which  man  has  already 
occupied  this  world,  the^  existence  of  tho  present  state  of  in- 
organic nature  favourable  to  the  duration  of  man  seems  to  be 
secured,  so  that  for  ourselves  and  for  long  generatiotis  ailer 
us,  wp  have  nothing  to  fear.  But  the  same  forces  of  air  and 
water,  and  of  the  volcanic  interior,  which  produced  former 
geological  revolutions,  and  buried  one  scries  of  living  forms 
after  another,  act  still  upon  the  ccu-th's  crust.  They  more 
probably  will  bring  about  the  last  day  of  the  human  race  tlian 
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those  distant  cosmical  oltcraliona  of  which  we  hare  Bpokeu, 
and  perbflps  force  hb  to  make  way  for  new  and  more  com- 
plete llTinn;  forma,  as  tho  lizanls  and  llic  manmioth  Lave 
given  place  to  na  and  our  fellow-creatures  which  now  exist. 

Thus  the  thread  which  was  spun  ih  darkneas  by  thoae 
who  sought  a  perpetual  motion  has  condacted  us  to  a  univer- 
sal law  of  nature,  wliich  radiates  light  into  the  distant  nights 
of  the  beginning  and  of  the  end  of  tho  history  of  the  universe. 
To  our  own  race  it  pemiifs  a  long  but  not  an  endless  exist- 
ence ;  it  threatens  it  with  a  day  of  judgment,  tho  dawn  of 
which  is  atiU  happily  obscured.  As  each  of  us  aingly  must 
endure  the  thought  of  liis  death,  tho  race  must  endure  iho 
same.  But  abovo  tho  forms  of  life  gone  by,  the  human  race 
has  higher  moral  problems  before  it,  ibo  bearer  of  which  it  is, 
and  in  the  completion  of  which  it  fulfils  ila  destiny. 
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ifitn>w4i  atj  pfajDdui  of  HcObnBn.    Bat  far 

UmoMafaMd.    In  !»*>  he  nrfe  »n>T«ee  «.  »Dqtd,fia0a^i7fci^ 

•ad  ft«M  tb«  KcidaA  of  bteefine  k  terairii  pUimt  in  ifan  m,^,^^^  ^^ 
otMcrrii^;  that  the  TouQi  blood  in  the  tnpiani  cf  k  mw±  bri^rt^  red 
lltta  in  cAUr  lititi]4«ii,  that  led  turn  to  tlviee  innMigatiata  of  natiml 
hnet,  Ibe  cbtef  nmltf  of  which  in  prai  in  tlie  fbllowitig  cs^ts.  T*o 
jtm  *tua  hi»  aUoHion  waa  diawn  to  the  nib}ect~-iii  IM2,  he  pobliriied 
bta  llrM  papet  on  the  "  Foroa  of  Inoreatiic  Xatme."  It  vaa  pot  togetber 
briefir,  and  pnUiibed  in  Uel^i  jwinial  U>  team  Ibe  poblic  Kct^nitioa  of 
hid  claima.  Ilia  second  publicalim,  "  Oa  Organic  Hotion  and  NotritioD '' 
(IMS),  aa  a)iU  cua;  of  one  buDdnd  and  trdre  pagn,  is  not  jct  tniulatcd. 
nil  tliird  ]iap<rr,  on  "  Ccle«tjal  DyDamia,"  «u  paUiahed  in  1818 ;  and  hta 
fooHb,  on  the  "HecbanicalEqaiTalait  of  Heat,"q>pearedin  ISSI. 

ThcM  Tait  and  nfdd  bbon  were  too  nnch  fbr  his  strength.  Ilia  om^ 
iaalud  mbd  gare  mj,  bimI  he  wa«  taken  to  an  insane  asjlnm.  He,  bo»- 
e»er,  forUnuWcly  rccoreted,  and  Is  now  reported  as  occopied  with  the  colli- 
ntion  of  the  vine  in  HdUironn. 


THE  FORCES  OF  INOEGANIC  NATUBE. 


THE  following  pages  are  designed  as  an  attempt  to  an 
Bwer  the  questions,  "Wliat  are  we  to  understand  by 
"  Forces  "  ?  and  Low  arc  different  forces  related  to  eaeli  otlicr  ? 
AVIicreos  tlie  term  matler  implies  the  posacssion,  hj  the  object 
to  which  it  is  applied,  of  very  defiuito  properties,  such  as 
weight  and  extension ;  the  term  force  convej-a  for  the  most 
part  the  idea  of  BOmethiog  unknown,  unsearchable,  and  hypo- 
thetical. An  attempt  to  render  the  Dotioa  of  force  equally 
exact  with  that  of  matter,  and  so  to  denote  by  it  only  objects 
of  actual  investigation,  id  one  which,  with  tlie  consequences 
that  flow  from  it,  onght  not  to  bo  unwelcome  to  those  who 
desire  that  tlieir  views  of  nature  may  bo  clear  and  unenemn- 
bered  by  hyiiollicses. 

Forces  are  causes ;  accordingly,  wo  may  in  relation  to 
tliem  make  full  applicatioa  of  the  principle — catua  aquat  ef- 
feetam.  If  itio  cause  c  Los  the  effect  e,  then  t—e;  if,  in  its 
turn,  e  is  the  cause  of  a  second  effect/,  wo  have  e=/,  and  eo 
on;  c=c=/...=c.  In  a  chain  of  causes  and  effects,  a 
term  or  a  part  of  a  term  can  never,  as  plainly  appears  from 
the  nature  of  an  oqnalion,  become  eqnul  to  nothing.  Thta 
first  properly  of  all  causes  wo  call  their  indc*tractibilitt/. 

If  the  given  cause  c  has  produced  an  effect  c  equal  to  it- 
self, it  has  in  that  very  act  ceased  to  be  :  c  has  become  e;  if, 
after  the  production  of  e,  c  still  romainod  in  whole  or  in  part, 
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there  must  be  still  Airther  effects  corresponding  to  this  re 
maining  cause :  the  total  effect  of  c  would  thus  be  >  e,  which 
would  be  contrary  to  the  supposition  c=e.  Accordingly, 
since  c  becomes  e,  and  e  becomes/,  &c.,  we  must  regard  these 
various  magnitudes  as  different  forms  under  which  one  and 
the  same  object  makes  its  appearance.  This  capability  of 
assuming  various  forms  is  the  second  essential  property  of  all 
causes.  Taking  both  properties  together,  we  may  say,  causes 
are  (quantitatively)  indestructible  and  (qualitatively)  convert^ 
ible  objects. 

Two  classes  of  causes  occur  in  nature,  which,  so  far  as 
experience  goes,  never  pass  one  into  another.  The  first  class 
consists  of  such  .causes  as  possess  the  properties  of  weight 
and  impenetrability;  these  are  kinds  of  Matter:  the  other 
class  is  made  up  of  causes  which  arc  wanting  in  the  proper- 
ties just  mentioned,  namely  Forces,  called  also  Impondera- 
bles, from  the  negative  property  that  has  been  indicated. 
Forces  are  therefore  indestructible^  convertible,  imponderable 
objects. 

We  will  in  the  first  instance  tiike  matter,  to  afford  us  an 
example  of  causes  and  effects.  Explosive  gas,  H+O,  and 
water,  HO,  are  related  to  each  other  as  cause  and  effect, 
therefore  H +0=H0.  But  if  H+ O  becomes  UO,  heat,  cal., 
makes  its  appeiarance  as  well  as  water ;  this  heat  must  like- 
wise have  a  cause,  «,  and  we  have  therefore  II+0+a;=HO 
-f  coZ.  It  might,  however,  be  asked  whether  H+0  is  really 
=110,  and  a5=caZ.,  and  not  perhaps  H+0=caZ.,  and  a:=HO, 
whence  the  above  equation  could  equally  be  deduced ;  and  so 
in  many  other  cases.  The  phlogistic  chemists  recognized  the 
equation  between  ccd,  and  x,  or  Phlogiston  as  they  called  it, 
and  in  so  doing  made  a  great  step  in  advance ;  but  they  in- 
volved themselves  again  in  a  system  of  mistakes  by  putting— ac 
in  place  of  O ;  thus,  for  instance,  they  obtained  II=HO+x. 

Chemistry,  whose  problem  it  is  to  set  forth  in  equations 
the  causal  connection  existiijg  between  the  different  kinds  of 
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matter,  loaches  us  tliat  raattcr,  as  a  cause,  has  matter  for  its 
effect ;  but  wo  are  equally  justified  in  saying  that  to  force  as 
cause,  corresponds  force  as  effect.  Since  e=c,  and  c=^c,  it 
is  uimatural  to  call  one  term  of  an  equation  a  force,  and  the 
other  an  effect  of  force  or  phenomenon,  ami  to  attach  differ- 
ent notions  to  the  exprcBstons  Force  and  Phenomenon.  In 
brief,  tlien,  if  the  cause  is  matter,  the  effect  is  matter ;  if  the 
cause  is  a  force,  tlie  effect  is  also  a  force. 

A  caaae  tvhicb  brings  about  the  raising  of  a  weight  is  a 
force  ;  its  effect  (the  raised  taeifjIiC)  is,  accordingly,  equally  a 
force ;  or,  expressing  this  relation  in  a  more  general  form, 
K^aration  in  space  of  fonderahle  objects  is  a  force  ;  since  this 
force  caoses  the  fall  of  bodies,  we  call  it  falling  force.  Fall- 
ing force  and  fall,  or,  more  generally  still,  falling  force  and 
motioD,  arc  forces  whit.-!!  are  related  lo  each  other  as  cnase 
and  effect — forces  which  ore  convertible  one  into  the  other — 
two  different  forms  of  one  and  the  same  object.  For  exam- 
ple, a  weight  resting  on  the  ground  is  not  a  force :  it  is  neither 
the  cause  of  motion,  nor  of  the  liAing  of  another  weight ;  it 
becomes  ao,  however,  in  proportion  as  it  is  raised  above  the 
ground :  the  cause — the  distance  between  a  weight  and  the 
earth — and  the  effect — the  quantity  of  motion  produced — ^beai 
jj  each  other,  as  wo  learn  from  mechanics,  a  constant  rela- 
tion. 

Gravity  being  regarded  as  the  cause  of  the  falling  of  bod- 
ioa,  a  gravitating  force  is  spoken  of,  and  so  the  notions  of 
jjroper(y  and  ot  force  are  confounded  with  each  other:  pre- 
dsely  that  which  is  tic  essential  attribute  of  every  force — 
the  union  of  indestructibility  wilh  convertibility — is  wauling 
in  every  property :  between  a  properly  and  a  force,  between 
gravity  and  motioa,  it  is  therefore  impossible  to  eatabliah  the 
equation  required  for  a  rightly-conceived  causal  rclalion.  If 
gravity  bo  called  a  force,  a  cause  is  supposed  which  produces 
effects  wiliiout  itself  diminishing,  and  incorrect  conceptions 
of  the  causal  ronneetions  of  things  are  tbbreby  fostered.     In 
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order  that  a  body  may  £Bdl,  it  is  no  less  necessary  that  it 
should  be  liHed  up,  than  that  it  should  be  heavy  or  possess 
gravity ;  the  fall  of  bodies  ought  not  therefore  to  be  ascribed 
to  their  gravity  alone. 

It  is  the  problem  of  Mechanics  to  develop  the  equations 
which  subsist  between  falling  force  and  motion,  motion  and 
falling  force,  and  between  different  motions :  here  we  will  call 
to  mind  only  one  point.  The  magnitude  of  the  falling  force 
t;  is  directly  proportional  (the  earth's  radius  being  assumed = 
00  )  to  the  magnitude  of  the  mass  fn,  and  the  height  d  to 
which  it  is  raised;  that  is,  v=^fnd.  K  the  height  d=l,  to 
which  the  mass  m  is  raised,  is  transformed  into  the  final  ve* 
locity  c=l  of  this  mass,  we  have  also  v=-mc;  but  firom  the 
known  relations  existing  between  d  and  c,  it  results  that,  for 
other  values  of  d  or  of  c,  the  measure  of  the  force  i;  is  nu? ; 
accordingly  v=md=:mc* :  the  lay^  of  the  conservation  of  vU 
viva  is  thus  found  to  be  based  on  the  general  law  of  the  inde 
structibility  of  causes. 

In  numberless  cases  we  see  motion  cease  without  having 
caused  another  motion  or  the  lifting  of  a  weight ;  but  a  force 
once  in  cxistcneo  cannot  be  annihilated,  it  can  only  change  its 
form  ;  and  the  question  therefore  arises,  What  other  forms  is 
force,  which  we  have  become  acquainted  with  as  falling  force 
and  motion,  capable  of  assuming?  Experience  alone  can 
lead  us  to  a  conclusion  on  this  point.  In  order  to  experi- 
ment with  advantage,  we  must  select  implements  which,  be- 
sides causing  a  real  cessation  of  motion,  are  as  little  as  possi- 
ble altered  by  the  objects  to  be  examined.  If,  for  example, 
we  rub  together  two  metal  plates,  we  see  motion  disappear, 
and  heat,  on  the  other  hand,  make  its  appearance,  and  we 
have  now  only  to  ask  whether  motion  is  the  cause  of  heat. 
In  order  to  come  to  a  decision  on  this  point,  we  must  discuss 
the  question  whether,  in  the  numberless  cases  in  which  the 
expenditure  of  motion  is  accompanied  by  the  appearance  of 
heat,  the  motion  4ias  not  some  other  effect  than  iho  pro* 
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ductioD  of  beat,  oiiil  the  heat  eomo  olber  cause   iLan  Uio 
luulioD. 

Ab  attempt  to  aacertain  the  olFtictd  of  ceasing  motion  has 
never  yet  been  Berioualy  made  ;  wilhont,  therefore,  wishing  lo 
exclude  d  priori  the  hypothcais  w  liieh  it  maybe  possible  to 
set  np,  we  observe  only  that,  us  h  rule,  tliis  ofTect  cannot  bo 
fluppoaed  to  be  an  alteration  in  tlic  state  of  aggregation  of  tho 
moved  (that  is,  rubbing,  &c.)  bodies.  If  wo  assume  Uiat  a 
certain  qoantily  of  motion  v  is  ejcpended  in  the  conversion  of 
a  rubbing  substance  m  into  n,  wo  must  then  have  m+v—«, 
and  n=m+v  ;  and  when  71  ia  reconverted  into  m,  v  must  ap- 
pear BgiUD  in  some  form  or  other.  By  the  iriction  of  two 
metolUe  plates  continued  lor  a  very  long  time,  wc  can  grad- 
ually cause  Ihe  ccssaliou  of  an  immenM  quantity  of  move- 
ment ;  but  would  b  ever  occur  to  na  to  look  for  even  tho 
smallest  trace  of  tho  force  v^ieh  has  disappeared  in  the  me- 
Utllic  dost  tltat  we  could  collect,  and  to  try  to  regain  it  thence  ? 
Wc  repeat,  tho  motion  cannot  have  been  oimihilatcd ;  nnd,^ 
conLrary,  or  j>ositive  and  negative,  motions  cannot  be  regarded 
as  =0,  any  more  than  contrary  motions. can  como  out  of 
oolliing,  or  a  weight  can  raise  iteelf. 

Witliout  the  rocognitioQ  of  a  cau^^al  connection  between 
motion  and  heat,  it  is  just  as  ditficult  to  csplain  tho  produc- 
tion of  heat  as  it  ia  to  give  any  account  of  llio  motion  that 
disappears.  The  heat  cannot  be  derived  Irom  the  diminution 
of  the  volume  of  tlio  rubbing  sabstancca.  It' is  well  known 
that  two  pieces  of  ice  may  bo  mcllcd  by  rubbing  them  to- 
gether in  vacuo  ;  but  let  any  ono  try  to  convert  leo  into  waler 
by  prcsHure,'  however  enormouB.     Water  imdergoes,  as  was 

*  Suae  the  origiiul  pubUcalion  of  this  paper.  Prof.  W.  ThomaoQ  hm 
■hown  that  pressure  baa  s  Bouible  cITect  in  Uqoefong  !QA(Con/.  Pbil.  Hag. 
B.  3,  vol.  luviL  p.  1S3);  but  the  ciperimeoU  (^^aaam  uid  of  Hopkins 
hurt)  ehuwn  Ihat  the  meltiag-poinlJ  of  bodies  whirh  eipauJ  on  bwoming 
liquid  tie  nu9c<l  by  pttasurc,  which  is  lUl  tlmt  Majnt'ii  argument  reqntree.— 
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But  juet  as  little  as  the  conneelion  between  faUing  force 
and  motion  authorizes  the  concluaion  that  the  essenro  of  fall- 
ing force  is  motion,  can  such  a  conclusion  be  adopted  in  the 
case  of  heat.  We  are,  on  the  contrary,  rather  iaclincd  to 
ini'er  that,  before  it  can  become  heat,  motion — whether  eim- 
ple,  or  vibratory  as  in  the  case  of  light  and  radiant  heat,  &c, 
— must  cease  to  exist  as  motion. 

If  falling  force  and  motion  are  equivalent  to  heat,  heat 
must  also  naturally  be  eqtuvalcnt  to  moticfn  and  falling  force. 
Just  as  heat  appears  as  an  effect  of  the  diminution  of  bulk  and 
of  the  cessation  of  motion,  ao  also  does  heat  disappear  as  a 
cause  when  its  effects  are  produced  in  the  shape  of  motion, 
expansion,  or  raising  of  weight- 
In  water-mills,  the  continual  diminution  in  bulk  which  the 
earth  imdergoes,  ovring  to  the  fall  of  the  water,  gives  rise  to 
motion,  wliich  afterwards  disappears  again,  calling  forth  nn- 
ceaaingly  a  great  qaanlity  of  heat ;  and  inversely,  the  steam- 
engine  serves  to  decorapoao  heat  again  into  motion  or  the 
raising  of  weights.  A  locomotive  engine  with  its  train  may 
be  compared  to  a  distilling  apparatus ;  the  heat  applied  under 
the  boiler  passes  off  as  motion,  and  this  is  deposited  again  as 
heat  at  the  oxloa  of  the  wheels. 

Wo  will  close  our  disquisition,  the  propositions  of  which 
hare  resulted  as  necessary  consequences  from  the  principle 
"  causa  Eoqnat  cffectum,"  and  which  are  in  accordance  with 
all  the  phenomena  of  Nature,  with  a  practical  deduction. 
The  solution  of  the  equations  sabaistlng  between  faUing  force 
and  motion  requires  that  the  space  fallen  through  in  a  given 
time,  e.  ij,  the  lirst  second,  should  bo  experimentally  deter- 
mined ;  in  like  miinner,  tlie  solution  of  the  equations  subsist- 
ing between  faUing  force  and  motion  on  the  one  hand  and 
heat  on  the  other,  requires  an  answer  to  the  question,  How 
great  is  the  quantity  of  heat  which  corresponds  to  a  given 
quantity  of  motion  or  falling  force?  For  instance,  we  mnat 
ascertain  how  high  a  given  weight  roquirea  to  bo  raised  abovo 
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the  ground  in  order  that  its  idling  force  maj  be  eqniyalent  to 
the  raising  of  the  temperature  of  an  equal  weight  of  water 
from  O^'^  1^  C.  The  attempt  to  show  that  such  an  equa- 
tion is  the  expression  of  a  physical  truth  may  be  regarded  as 
the  substance  of  the  foregoing  remarks. 

By  applyipg  the  principles  that  have  been  set  forth  to  the 
relations  subsisting  between  the  temperature  and  the  volume 
of  gases,  we  find  that  the  sinking  of  a  mercury  column  by 
which  a  gas  is  compressed  is  equivalent  to  the  quantity  of 
heat  set  free  by  the  compression ;  and  hence  it  foUows,  the 
ratio  between  the  capacity  for  heat  of  air  under  constant  pres- 
sure and  its  capacity  under  constant  volume  being  taken  as 
=■1*421,  that  the  warming  of  a  given  weight  of  water  from 
0°  to  1°  C.  corresponds  to  the  faU  of  an  equal  weight  frY>m 
the  height  of  about  365  metres.*  K  we  compare  with  this 
result  the  working  of  our  best  steam-engines,  we  see  how 
small  a  part  only  of  the  heat  applied  under  the  boiler  is  really 
transformed  into  motion  or  the  raising  of  weights ;  and  this 
may  serve  as  justification  for  the  attempts  at  the  profitable 
production  of  motion  by  some  other  method  than  the  expendi- 
ture of  the  chemical  difiercnce  between  carbon  and  oxygen — 
more  particularly  by  the  transformation  into  motion  of  elec- 
tricity obtained  by  chemical  means. 

*  When  the  corrected  specific  heat  of  air  is  introdaced  into  the  calca> 
lation  this  number  is  increased,  and  agrees  then  with  the  experimental  de- 
terminations of  Mr.  Joule. 
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I.— INTHODUCTION. 

EVERY  mcandescent  and  ImmnouB  body  dimiiuslica  in 
temperature  and  luminoaity  ia  the  sanio  degree  ns  it 
radiates  light  and  licat,  and  at  last,  provided  its  loss  be  not 
repaired  from  some  other  eource  of  these  agencies,  becomes 
cold  and  uon-lumutons. 

For  light,  like  sound,  consisls  of  vibrations  which  are 
communicutcil  by  tLo  luminous  or  sounding  body  to  a  ear- 
rounding  medium.  It  ia  perfectly  clear  that  a  ttoily  can  only 
escilo  BUeh  vibrations  In  another  aubstonco  when  its  own  [>ar' 
liclca  undergo  a  eimJlor  movement ;  fur  thera  ia  no  cuoso  for 
uiKluIatory  motion  when  a  body  ia  in  a  atalc  of  rest,  or  in  u 
atuto  of  equilibrium  with  the  mudiimi  by  which  it  ia  sur- 
ruonded.  If  a  bcU  or  a  airing  is  lo  be  sounded,  au  extcmul 
force  must  he  applied ;  and  this  ia  the  cause  of  the  sound. 

If  tlio  vibralory  motion  of  a  siring  could  (uko  place  with- 
out any  resistance,  it  would  vibrato  for  all  time  ;  bat  in  thia 
cose  no  sound  could  bo  produced,  bccaoso  sound  is  essentially 
the  propagation  of  motion ;  oud  in  the  somo  degree  as  the 
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Btxing  oommimicates  its  vibradons  to  the  sorronndiiig  and  ret 
sbting  medhim  its  own  motion  becomes  weaker  and  weaker, 
until  at  last  it  sinks  into  a  state  of  rest. 

The  snn  has  often  and  appropriatelj  been  compared  to  an 
incessantly  soimding  belL  Bat  by  what  means  is  the  power 
of  this  bodj  kept  up  in  nndiminished  force  so  as  to  enable 
him  to  send  forth  his  rajs  into  the  uniyerse  in  such  a  grand 
and  magnificent  manner?  What  are  the  canses  which  coun- 
teract or  prevent  his  exhaustion,  and  thus  save  the  planetary 
system  from  darkness  and  deadly  cold? 

Some  endeayonred  to  approach  ^^the  grand  secret,"  as 
Sir  Wm.  Herschel  caDs  this  question,  by  the  assumption  that 
the  rays  of  the  sun,  being  themselyes  perfectly  cold,  merely 
cause  the  ^^  substance''  of  heat,  supposed  to  be  contained  in 
bodies,  to  pass  from  a  state  of  rest  into  a  state  of  motion,  and 
that  in  order  to  send  forth  such  cold  rays  the  sun  need  not  be 
a  hot  body,  so  that,  in  spite  of  the  infinite  development  of 
light,  the  cooling  of  the  sun  was  a  matter  not  to  be  thought  of. 

It  is  plain  that  nothing  is  gained  by  such  an  explanation ; 
for,  not  to  speak  of  the  hypothetical  '^  substance''  of  heat, 
assumed  to  be  at  one  time  at  rest  and  at  another  time  in  mo- 
tion,  now  cold  and  then  hot,  it  is  a  well-founded  fact  that  the 
sun  does  not  radiate  a  cold  phosphorescent  light,  but  a  light 
capable  of  warming  bodies  intensely ;  and  to  ascribe  such 
rays  to  a  cold  body  is  at  once  at  yariance  with  reason  and 
experience. 

Of  course  such  and  similar  hypotheses  could  not  satisfy 
the  demands  of  exact  science,  and  I  will  therefore  try  to  ex- 
plain in  a  more  satisfactory  manner  than  lias  been  done  up 
to  this  time  the  connexion  between  the  sun's  radiation  and  its 
efiects.  In  doing  so,  I  have  to  claim  the  indulgence  of  scien- 
tific men,  who  are  acquainted  with  the  difficulties  of  my  task. 
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II.— SOURCES    OF    HEAT. 

Bepobk  wo  turn  our  attention  to  the  special  subject  of 
this  paper,  it  will  be  necessttiy  to  consider  the  means  bj 
which  light  and  heat  ore  produced.  Ilcat  maj  be  obtained 
from  very  different  sources.  Combustion,  fermentation,  pn- 
trcfaction,  slaking  of  lime,  llie  decomposition  of  chloride  of 
uilrogen  and  of  gun-cotton,  &c,  &c.,  are  all  of  them  soorces 
of  heat.  The  electric  spark,  the  voltaic  current,  frictioa,  per- 
cussion, and  the  vital  processes  are  also  accompanied  by  the 
evolution  of  this  agent. 

A  general  law  of  nature,  wliich  knows  of  no  cscoplion, 
is  the  following : — In  order  to  obtain  heat,  something  must 
bo  expended ;  this  sometliing,  however  difturent  it  may  be  in 
other  rcspecls,  can  always  bo  referred  to  one  of  two  catego- 
ries :  either  it  consists  of  some  material  expended  in  a  cbem- 
iud  process,  or  of  some  sort  of  mechanical  work. 

When  substances  endowed  with  considerable  chemical  af- 
finity for  each  other  combine  chemically,  mucli  heat  is  devel- 
oped during  the  process.  We  shall  estimate  tlic  quantity  of 
heat  thus  set  free  by  the  number  of  kilogrammes  of  water 
which  it  would  heat  1'  C.  Ttie  quantity  of  heat  necessary 
to  raise  one  kilogramme  of  water  one  degree  ia  called  n  unit 
of  heat. 

It  hoa  been  cstohlishod  by  numerous  experiments  that  the 
combustion  of  one  kilogronuno  of  dry  charcoal  in  oxygen,  so 
tts  to  form  carbonic  acid,  yields  7200  units  of  heat,  whicli  fact 
may  be  briefly  expressed  by  saying  that  charcoal  furnishes 
7200"  degrees  of  heat. 

Superior  coal  yields  COOO  \  perfectly  dry  wood  from  3300° 
to  3900%  sulphur  2700,  and  hydrogen  34,600'  of  heat. 

According  (o  experience,  the  number  of  uoits  of  heat  only 
depends  on  the  quantity  of  matter  which  is  consamod,  and 


not  on  liie  coxtdiikcis  iziider  viodi  tLe  hnniTng  takes  fJmcr, 
TUe;  Mme  uucmsi  of  husMX  if  grren  om  vbetfaer  the  eombas- 
tkn  proceeds  dowtr  or  qnkklT.  in  aimgepberie  air  or  in  pore 
oxT^s^n  jzme.  If  in  one  case  a  meial  be  Uiznit  in  air  and  tike 
amount  of  htzx  directlr  measured,  and  in  azwtker  instance 
tfae  aanM;  qoantiiT  of  metal  be  oxidized  in  a  galvanic  battery, 
ifae  beat  being  developed  in  some  otber  place — Bar,  the  wire 
wlidi  eondncts  the  anreot^ — in  both  of  these  gxp^j-iwi^iny 
the  same  <{aantitj  of  beat  will  be  observed. 

The  same  law  also  holds  good  for  the  prodnetxm  of  heat 
bjr  mechanical  means.  The  amomit  of  beat  obtained  is  onlj 
dependent  on  the  quantity  of  power  ooosomed,  and  is  qniie 
ind<>pend£nt  of  the  manner  in  which  this  power  has  been  ex- 
jjendc*<L  If,  therefore,  the  amount  of  heat  which  i^  produced 
by  crrtain  mechanical  work  is  known,  the  qnantity  which 
will  \tii  ol/tained  bv  hht  other  amount  of  mechanical  work 
can  (t^Wj  be  found  bv  calculation.  It  \s  of  no  consequence 
whether  thia  work  consists  in  the  compression,  percussion,  or 
friction  of  l>odies. 

The  amount  of  mechanical  work  done  bv  a  force  may  be 
expressed  by  a  weight,  and  the  height  to  which  this  weight 
would  lie  raised  bj  the  same  force.  The  mathematical  ex- 
pression for  "  work  done,"  that  is  to  say,  a  measure  for  tliis 
work,  is  obtained  by  multiplying  the  height  expressed  in  feet 
or  oflicr  units  by  the  number  of  pounds  or  kilognunmes  lifted 
to  this  hci;rht. 

We  shall  take  one  kilogramme  as  the  unit  of  weight,  and 
one  metre  as  the  unit  of  height,  and  we  thus  obtain  the 
wciglit  of  one  kilogramme  raised  to  the  height  of  one  metro 
as  a  unit  measure  of  mechanical  work  performed.  This 
m(iaflurc  wc  HJiall  call  a  kilogrammetre,  and  adopt  for  it  the 
symbol  Km. 

Meclmnicrul  work  may  likewise  be  measured  by  the  vclo 
city  obtained  by  a  given  weight  in  passing  from  a  state  of  rest 
into  that  of  motion.     The  work  done  is  then  expressed  by 
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the  product  obtuaed  by  the  mulliplication  of  the  ireigbt  by 
llio  eqiiare  of  ila  velocity.  The  first  method,  however,  be- 
cause it  is  the  mora  conveDicnt,  ia  the  oso  usually  adopted; 
and  the  nnmbcra  obliLiacd  therefrom  may  easily  be  expreeeod 
in  olbcr  units. 

Tbo  product  resulting  frim  the  multiplication  of  the  num- 
ber of  tmils  of  weight  and  measures  of  height,  or,  aa  it  !a 
called,  the  product  of  mass  and  height,  as  well  as  the  pro- 
duct of  the  mass  and  the  square  of  ils  velocity,  are  called  "  tits 
viva  of  motion,"  "  mechanical  effect,"  dynamical  effect," 
"  work  done,"  *'  quatUiti  de  travail,"  &c.  &c. 

Tlie  amouut  of  mechanical  work  necessary  for  the  heating 
of  1  kilograjnmo  of  water  1"  C  has  been  dotorminod  by  ex- 
pcrimeut  to  be  =  3G7  Km ;  therefore  Km  =  0-00273  units 
of  heat.* 

A  mass  which  has  fallen  through  a  height  of  367  metres 
posscEscs  a  velocity  of  84'8  metres  in  one  second ;  a  mass, 
therefore,  moving  with  tliis  velocity  originates  1"^  C.  of  boat 
when  iU  motion  is  lost  by  percussion,  friction,  &c.  If  the 
velocity  bo  two  or  three  times  aa  great,  4°  or  9  '  of  heat  will 
bo  developed,  GeneraUy  speaking,  when  the  velocity  is  c 
metres,  the  corresponding  development  of  heat  will  be  ex- 
pressed by  the  formula 

o-oooiaa^xe'. 

■  Tbis  caea;  wu  pablUhod  in  1845.  At  tbut  timo  tic  U  Iloclie  and 
Bcmnl'l  dclermitiBlion  ot  the  apeciHc  bent  of  air  wu  generally  accepted. 
If  llic  [lUjeioal  consUnts  nsed  hj  H>;er  be  corrected  accordiug  to  Iho  re- 
Riilta  of  loore  recent  Investigatioii,  (he  nechimical  equiv&lcnt  of  beat  li 
faucd  Id  be  771*1  foot-pounilB.    Hr.  Joule  Gnda  It  —•  773  rmt^imd).— 
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III.—MEASURE   OF   THE   SUK'S   HEAT. 

The  actinometer  is  an  instniment  inyented  bj  Sir  John 
Herschel  for  the  purpose  of  measuring  the  Seating  efflfect 
produced  bj  the  son's  rajs.  It  is  essentially  a  thermometer 
with  a  large  cylindrical  bnlb  filled  with  a  blue  liquid,  which 
is  acted  upon  bj  the  sun's  rays,  and  the  expansion  of  which 
is  measured  by  a  graduated  scale. 

From  observations  made  with  this  instrument,  Sir  John 
Herschel  calculates  the  amount  of  heat  received  from  the  son 
to  be  sufficient  to  melt  annually  at  the  surfiu^  of  the  ^obe  a 
crust  of  ice  29*2  metres  in  thickness. 

Pouillet  has  recently  shown  by  some  careful  experiments 
with  the  lens  pyrheliomcter,  an  instrument  invented  by  him* 
self,  that  every  square  centimetre  of  the  surface  of  our  globe 
receives,  on  an  average,  in  one  minute  an  amount  of  solar 
heat  which  would  raise  the  temperature  of  one  gnunme  of 
water  0*4408*^.  Not  much  more  than  one-half  of  this  quan* 
tity  of  heat,  however,  reaches  the  solid  surface  of  our  globe, 
since  a  considerable  portion  of  it  is  absorbed  by  our  atmo- 
sphere. The  layer  of  ice  which,  according  to  Pouillet,  could 
be  melted  by  the  solar  heat  which  yearly  reaches  our  globe 
would  have  a  thickness  of  80*89  metres. 

A  square  metre  of  our  earth's  surface  receives,  therefore, 
according  to  Pouillet's  results,  which  we  shall  adopt  in  the 
following  pages,  on  an  average  in  one  minute  4'4:08  units  of 
heat.  The  whole  surface  of  the  earth  is  s=  9,260,500  geo-> 
grapliical  square  miles*  ;  consequently  the  earth  receives  in 
bne  minute  2247  billions  of  units  of  heat  from  the  sun. 

In  order  to  obtain  smaller  numbers,  we  shall  call  the 
quantity  of  heat  necessary  to  raise  a  cubic  mile  of  water  1"* 

*  The  geographical  mile  -■  7420  metres,  and  one  English  mile  -■  160S 
metres. 
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C.  in  temperalure,  a  cubic  mile  of  heat.  Since  one  cubic 
mile  of  water  weighs  408-34  billions  of  kilogrmames,  u  cubic 
mile  of  heat  contains  408-54  billions  of  units  of  heat.  The 
effect  produced  by  tUe  raja  of  the  sun  on  the  surface  of  the 
earth  in  one  minute  is  therefore  5'5  cuhic  miles  of  heat. 

Let  us  imagine  the  sua  to  be  surrounded  by  a  hollow 
sphere  whose  radius  ia  equal  to  the  mean  distance  of  tiiu 
earth  from  the  stm,  or  20,589,000  geographical  miloaY  the 
surface  of  this  sphere  would  he  equal  to  5326  biUions  of 
•quare  miles.  The  surface  obtained  by  the  iatcrscction  of 
this  hollow  sphere  and  our  globe,  or  the  base  of  tlie  cone  of 
Bolnr  Ught  which  reaches  our  earth,  stands  to  the  whole  sui^ 

e  of  tliJs  hollow  sphere  as  '^r^  :  5326  biUions,  or  ea  1  to 
S800  millions.     This  L'^  tlio  ratio  of  the  heat  received  by 

:  globo  to  the  whole  amount  of  heat  sent  fortli  from  the 

I,  which  latter  in  one  minute  amounts  to  12,G50  miUiona 
of  cubic  niiles  of  heal. 

This  amazing  radiation  ought,  unless  the  loss  is  by  some 
eana  made  good,  to  cool  considerably  even  a  body  of  the 
magnitude  of  the  sun. 

If  we  assume  the  sun  to  be  endowed  with  the  some  cnpo- 
tSij  for  heat  as  a  moss  of  water  of  the  same  volume,  and  its 
loss  of  heat  by  radiation  to  afiecL  imiformly  its  whole  ma?s, 
the  temperalure  of  tlic  sun  ought  to  decrease  l''-8  C.  yearly, 
and  for  the  bisloric  time  of  5000  years  this  loss  would  conse- 
quently amount  to  3000"^  C. 

A  uniform  cooling  of  the  whole  of  the  sun's  huge  musH 
cannot,  howercr,  Ui\e  place  ;  on  the  contrary,  if  the  radialion 
'^ere  to  occur  at  the  expense  of  a  given  store  of  heat  or  ru- 
idiaat  power,  the  sun  would  become  covered  in  a  short  spaeu 

imo  with  a  cold  crust,  whereby  radiation  would  be  brought 
to  an  end.  Consideritis  the  continued  activity  of  the  puu 
through  countless  centuries,  we  may  assume  with  matliemali- 
CbI  certainty  the  existence  of  some  compensating  influence  to 

CO  good  its  enormous  loss. 
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tesdency  to  prodnee  equal  motion  of  the  two  rubbing 
boiiiea  ;  atitl  nbou  Uiu  is  attameil,  tlie  gcucratioD  of  beat 
ceaiies.  If  now  the  sua  bo  the  one  moving  body,  where  is 
the  other?  and  if  llis  eccond  body  exist,  what  power  prevents 
it  tVom  assuming  the  same  rotary  motioD  as  the  buh? 

Bnt  could  even  these  difficulties  be  disregarded,  a  weight- 
ier and  more  formidable  obstacle  opposes  this  hypothesis. 
The  known  volume  and  maas  of  the  sun  allow  ns  to  calculate 
the  via  viva  which  ho  possesses  in  consequence  of  his  rotation. 
Assuming  his  density  to  be  uniform  throughout  his  mass,  and 
his  period  of  rotation  twenty-five  days,  it  is  equal  to  182,300 
quintillions  of  kilogrommetres  (Km).  Bat  for  one  unit  of 
beat  generated,  367  Km  are  coosiuned ;  consequently  tlie 
irliole  rotation-effect  of  the  sun  could  only  cover  the  expendi- 
ture of  heat  for  the  space  of  183  years. 

The  space  of  our  solar  system  is  filled  with  a  great  num- 
ber of  ponderable  objects,  w])ich  have  a  tendency  to  move 
towards  the  centre  of  gravity  of  llie  sun ;  and  in  so  doing, 
their  rale  of  motion  is  more  and  more  accelerated. 

A  mass,  witliout  motion,  placed  within  the  sphere  of  the 
nn's  attraction,  will  obey  this  attraction,  and,  if  there  be  no 
dislurbing  influences,  will  fall  in  a  straight  line  into  the  sun. 
Id  reality,  however,  such  a  rectilinear  path  can  acarcely  occur, 
u  may  be  shown  by  experimoat. 

Let  a  weight  be  suspended  by  a  etrtng  so  that  it  can  only 
touch  the  floor  in  one  point.  Liil  the  weight  up  to  a  certain 
height,  and  at  the  sama  time  stretch  the  string  out  to  its  full 
length ;  if  the  weight  bo  now  allowed  to  foil,  it  will  be  ob- 
served, almost  in  every  case,  not  to  reach  at  once  the  point  on 
the  fioor  towards  which  it  tends  to  move,  but  to  move  rouad 
this  point  for  some  time  in  a  curved  lino, 

The  reason  of  this  phenomenon  is  that  the  slightest  devia- 
I  lion  of  the  weight  from  its  shortest  route  towards  the  point 
.  on  the  floor,  caosod  by  Mmc  disturbing  inflaence  such  as  the 
\   resistance  of  the  air  against  a  not  perfectly  nniform  surface, 
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wOl  maintain  itself  as  long  as  motion  lasts.  It  is  nevertlie> 
less  possible  for  the  weight  to  move  at  once  to  the  point ;  the 
.  probability  of  its  doing  so,  however,  becomes  the  less  as  the 
height  firom  which  it  is  allowed  to  drop  increases,  or  the  string, 
by  means  of  which  it  is  suspended,  is  lengthened. 

Similar  laws  inflaence  the  movements  of  bodies  in  the 
space  of  the  solar  system.  The  height  of  the  fall  is  here 
represented  by  the  original  distance  firom  the  sun  at  which  the 
body  begins  to  move ;  the  length  of  the  string  by  the  son's 
attraction,  which  increases  when  the  distance  decreases*;  and 
the  small  snrfaco  of  contact  on  the  floor  by  the  area  of  the 
section  of  the  sun's  sphere.  J£  now  a  oosmical  mass  within 
the  physical  limits  of  the  sun's  sphere  of  attraction  begins  its 
fall  towards  that  heavenly  body,  it  vnll  be  disturbed  in  its 
loDg  path  for  many  centuries,  at  first  by  the  nearest  fixed 
stars,  and  afterwards  by  the  bodies  of  the  solar  system. 
Motion  of  such  a  mass  in  a  straight  line,  or  its  perpendicular 
fall  into  the  sun,  would,  therefore,  under  such  conditions,  be 
impossible.  The  observed  movement  of  all  planetary  bodies 
in  closed  curves  agrees  with  this. 

We  shall  now  return  to  the  example  of  the  weight  sus- 
pended by  a  string  and  oscillating  round  a  point  towards 
which  it  is  attracted.  The  diameters  of  the  orbits  described 
by  tliis  weight  are  observed  to  be  nearly  equal ;  continued  ob- 
servation, however,  shows  that  these  diameters  graduaUy  di- 
minish in  length,  so  that  the  weight  wiU  by  degrees  approach 
the  point  in  which  it  can  touch  the  floor.  The  weight,  how- 
ever, touches  the  floor  not  in  a  mathematical  point,  but  in  a 
small  surface  ;  as  soon,  therefore,  as  the  diameter  of  the  curve 
in  which  the  weight  moves  is  equal  to  the  diameter  of  tliis 
surface,  the  weight  will  touch  the  floor.  This  final  contact  is 
no  accidental  or  improbable  event,  but  a  necessary  phenome- 
non caused  by  the  resistance  which  the  oscillating  mass  con- 
stantly suffers  from  the  air  and  friction.  If  all  resistance 
could  be  anuDiilated,  the  motion  of  the  weight  would  of  course 
continue  in  equal  oscillations. 
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Tlio  soma  law  holds  good  for  celestial  bodiea. 

The  moTomeiits  of  celeatiiU  bodies  in  an  ubsolute  v 
would  bo  OS  Dniform  as  those  of  a  nmthcmalictil  pcniliiluni, 
whereas  a  rcsiating  medium  pervading  alt  space  would  cause 
the  planets  to  move  in  shorter  and  sliorlcr  orbits,  and  at  last 
to  fall  into  the  sun. 

■Assoining  such  a  resisting  medium,  these  wandering  ce- 
lestial bodies  must  have  on  the  periphery  of  tlio  solar  Sfstem 
their  cradle,  and  in  its  centre  their  grare  ;  and  however  long 
the  duration,  and  however  great  the  number  of  their  revolu- 
tions may  be,  as  many  masses  will  on  the  average  in  a  cei^ 
tain  time  arrive  at  the  sun  as  formerly  in  a  Lite  period  of 
time  came  within  his  sphere  of  attraction. 

All  these  bodiea  plunge  with  a  violent  impetus  into  their 
fiommon  grave.  Since  no  cauee  cxista  without  an  eflect,  each 
of  lIicBO  cosmical  masses  will,  like  a  weight  falling  to  tliu 
earth,  produce  by  ils  percussion  an  amount  of  heat  propor- 
tional to  ita  vis  viva. 

From  the  idea  of  a  sun  whose  attraction  acts  throughout 
space,  of  ponderable  bodies  scattered  throughout  the  universe, 
and  of  a  resisting  letlier,  another  idea  necessarily  follows — 
that,  namely,  of  a  continual  and  inexhaustible  generation  of 
heat  on  the  central  body  of  this  cosmical  system. 

Whether  such  a  conception  be  rcabzed  in  onr  solar  system 
— whether,  in  other  words,  the  wonderful  and  permaaoal  evo- 
lution of  light  and  heat  bo  caused  by  the  uninterrapled  fall 
of  coemicol  matter  into  the  sun — will  now  he  more  closely 
examined. 

The  existence  of  matter  in  a  primordial  condition  (  Unnn- 
lerie),  moving  about  in  tlie  universe,  and  assumed  to  follow 
the  attraction  of  the  nearest  stellar  system,  will  scarcely  be 
denied  by  astronomers  and  physicists ;  for  the  riclincss  of 
Surrouniling  nature,  as  well  as  the  aspect  of  the  starry  heav- 
ens, prevents  the  belief  that  the  wide  space  which  ecparateti 
«nr  solar  system  from  the  regions  governed  by  the  otlier  fixed 
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thousanils  of  millions.  Tliia,  without  doubt,  is  only  a  small 
fracLioa  of  the  number  of  asteroids  that  movo  round  ibe  siui) 
wbiuh  number,  according  to  the  rules  of  the  calculus  of  prob- 
abilities, approaches  the  infinite. 

Aa  has  been  already  stated,  on  the  cxislence  of  a  reaisling 
ather  it  depends  whether  the  celestial  bodies,  ibe  planots,  tbc 
cornels,  and  the  asteroids  move  at  constant  mean  diatanccB 
round  the  sun,  or  whether  they  are  constantly  approaching 
that  central  body. 

Scientific  men  do  not  doubt  the  existence  of  such  an  sthcr. 
littrow,  amongst  others,  expresses  himself  on  this  point  as 
follows : — "  Tho  assumption  that  the  planets  and  the  comets 

vo  in  an  abaoluio  yaoumn  can  in  no  way  bo  admitted. 
£vuD  if  the  apai^  between  celestial  bodies  containe<nio  other 
matter  than  that  necessary  for  the  existence  of  light  (whether 
light  bo  considered  as  emission  of  matter  or  the  nndiUalions 
of  a  universal  oither),  this  alone  is  sufficient  to  alter  the  mo- 
tion of  the  planets  in  tho  course  of  time  and  tlic  arrungcmeut 
of  the  whole  system  itself;  the  foil  of  all  tho  planets  and  the 
'  comets  into  tho  sun  and  the  destruction  of  llie  present  stale 
of  the  solar  system  must  be  the  final  results  of  tliis  action." 

A  direct  proof  of  the  existence  of  sueh  a  resisting  meilium 
has  been  furnished  by  the  academician  Encke.  He  found 
that  the  comet  named  after  him,  which  revolves  round  the 
sun  in  Ibe  short  space  of  1207  days,  shows  a  regular  acceler- 
ation of  its  motion,  in  eonaequeucc  of  which  tho  time  of  each 
revolution  is  shortened  by  about  six  hours. 

From  tiie  great  density  and  magnitude  of  tho  planets,  the 
shortening  of  the  diomuturs  of  their  orbits  procci^ils,  as  might 
be  expected,  very  slowly,  aud  is  np  to  the  present  time  iituii- 
pTGciablc.  The  smaller  the  cosmical  masses  are,  on  the  con- 
trary, oilier  circimistanues  remaining  the  same,  the  faster  ihey 
move  towards  the  sun ;  it  may  therefore  happen  that  in  a 
^taco  of  time  wherein  tho  mean  dlslaacc  of  the  earth  from 
r  Ibe  sun  would  diminish  one  metre,  a  small  asteroid  would 
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Lt't  r  be  tlie  radius  of  a  spherical  and  solid  celestial  body, 
aad  g  the  velocity  at  the  end  of  the  first  second  of  a  ireigbl 
falliog  OD  the  surface  of  thia  body ;  then  tlie  greaicst  velocity 
whicli  this  weight  ens  obtain  by  its  full  towards  the  cideetial 
body,  or  the  velocity  with  which  it  will  arrive  at  its  surface 
after  a  fall  from  an  infinite  beigbt,  is  ^'igr  in  one  second. 
This  nnmbcr,  wherein  g  and  r  ore  expressed  in  metres,  va 
Shall  caUG. 

For  our  globo  the  value  of  y  is  9'8164  .  .  and  that  of  r 
6,369,800  ;  and  consequently  on  our  earth 

G—  4/(2x9-8164x6,3G9,800)  =  11,183. 

The  solar  radins  is  112'05  times  Ihat  of  the  eartb,  and  tbo 
velocity  produced  by  gravity  on  the  Ban's  surface  is  28-3G 
times  greater  than  the  eamo  velocity  on  the  surfaco  of  our 
globo ;  the  greatest  velocity  therefore  which  a  body  conld  ob- 
laiu  in  couscquenco  of  the  solar  attraction,  or 

G=-  t/(28^Xll205)XlM83'=C30,400; 
that  is,  this  maximum  velocity  is  equal  to  630,400  melrcB,  or 
85  gcograpliieol  miles  in  one  second. 

By  the  help  of  this  constant  number,  which  may  be  called 
the  charaelcrislic  of  the  6olar  aystem,  the  velocity  of  a  body 
in  central  motion  may  easily  be  determined  at  any  point  of  its 
orbit.  Lot  a  be  the  mean  dislance  of  the  planetary  body  from 
the  centre  of  gravity  of  the  sun,  or  the  greater  semidiameter 
of  its  orbit  (the  radius  of  the  sun  being  taken  as  unity)  ;  and 
let  A  be  the  distance  of  the  same  body  ot  ony  pomt  of  its  orbit 
from  the  centre  of  gravity  of  the  sun ;  then  the  velocity, 
expressed  in  metres,  of  the  planet  at  the  distance  A  is 


/i 
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At  the  moment  the  planet  comes  In  contact  with  the  solar  bi 
face,  A  is  equal  to  I,  and  its  velocity  is  therefore 


/2a 
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It  follows  from  this  formula  that  the  smaller  2a  (or  Um 
major  axis  of  Uie  orbit  of  a  planetary  body)  becomes,  the 
less  will  be  its  velocity  when  it  reaches  the  son.  This  velo- 
city, like  the  migor  axis,  has  a  minimnm ;  for  so  long  as  the 
planet  moves  outside  the  sun,  its  major  axis  cannot  be  shorter 
than  the  diameter  of  the  sun,  or,  taking  the  solar  radius  as  a 
unit,  the  quantity  2a  can  never  be  less  than  2.  The  smallest 
velocity  with  which  we  can  imagine  a  cosmical  body  to  anive 
on  the  sur&ce  of  the  sun  is  consequent^ 

Gxfg-*445,750, 

or  a  velocity  of  60  geographical  miles  in  one  second. 

For  this  smallest  value  the  orbit  of  the  asteroid  is  drco- 
lar ;  for  a  larger  value  it  becomes  elliptical,  until  finally,  with 
increasing  excentricity,  when  the  value  of  2a  approaches  in- 
finity, the  orbit  becomes  a  parabola.  In  the  last  case  the 
velocity  is 

or,  85  geographical  miles  in  one  second. 

If  the  value  of  the  major  axis  become  negative,  or  the 
orbit  assume  the  form  of  a  hyperbola,  the  velocity  may  in- 
crease without  end.  But  this  could  only  happen  when  cosmi- 
cal masses  enter  the  space  of  the  solar  system  with  a  pro- 
jected velocity,  or  when  masses,  having  mbsed  the  sun's  sur- 
face, move  into  the  universe  and  never  return ;  hence  a  ve- 
locity greater  than  G  can  only  be  regarded  as  a  rare  excep- 
tion, and  we  shall  therefore  only  consider  velocities  comprised 
witliin  the  limits  of  60  and  80  miles.* 

The   final  velocity  with  which  a  weight  moving  in  a 

*  The  relative  Telocity  also  with  which  an  asteroid  reaches  the  solar 
surface  depends  in  some  degree  on  the  velocity  of  the  snn's  roUtion.  ThiS| 
however,  as  well  as  the  rotatory  effect  of  the  asteroid,  is  without  moment| 
lad  may  be  neglected. 
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HtraigliL  line  tuwards  the  centre  of  Iho  ami  orrircs  at  the  Bolor 
surface  is  expressed  by  the  formula 


-c.xl/'^\ 


wherein  e  expresses  tlie  final  veloci^  in  metres,  and  h  tho 
original  distance  from  the  ccntro  of  the  sun  in  terms  of  solar 
radius.  If  this  formnla  be  compared  with  the  foregoing,  it 
will  be  seen  that  a  mass  which,  after  moving  in  central  mo- 
tion, arrives  at  the  sun's  snrfacc  has  the  siime  velocity  as  it 
would  possess  had  it  fallca  perpcndiculnrly  into  Ihe  smt  from 
a  distance*  equal  to  the  major  axis  of  its  orbit ;  whence  it  is 
apparent  that  a  planet,  on  arriving  at  the  sun,  moves  at  least 
as  quickly  as  a  weight  which  ialls  freely  towards  the  sun 
from  a  distance  as  great  as  the  solar  radius,  or  96,000  geo- 
graphical miles. 

What  thermal  oifect  corresponds  to  each  velocities?  Is 
the  effect  snfScicntly  great  to  play  an  important  part  in  tlic 
iimneDse  development  of  heat  on  the  sun? 

Tliis  crucial  qncstion  may  be  cosily  answered  by  help  uf 
the  preceding  considerations.  According  to  the  formula  given 
at  die  end  of  Chapter  II.,  tlie  degree  of  heat  generated  by 
percussion  is 

=  O'oooiaa"  x  c', 

where  e  denotes  the  velocity  of  the  striking  body  expressed  in 
metres.  The  velocity  of  an  asteroid  when  it  strikes  the  sun 
measm-es  from  J45,7£iO  to  630,400  metres ;  the  calorie  cUect 
of  the  percussion  is  consequently  equal  to  from  27^  to  55  Bul- 
lions of  degrees  of  hcatf. 

Ad  asteroid,  therefore,  by  its  fall  into  the  sun  developcs 

"  TliiB  ilislsnce  i»  to  be  counted  from  the  cenlro  of  tbo  aim. 

f  Tliroiighout  this  memoir  iho  degrees  of  bent  arc  ei|)TCEScd  In  llin 
Ceniigittde  ftcole.  UnleBt  stated  (o  the  condai^,  the  mciwurcs  of  length 
■re  gi^ea  in  geographical  miles.  A  geographical  mile  ^  T4S0  metres,  uiil 
an  EDgliah  mile  — •  1008  metK&— Tb. 
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irom  4600  to  9200  times  as  much  heat  as  would  be  generated 
hj  the  combostton  of  an  equal  masB  of  coal. 


IV.— OBIGIN   OF   THE    SUN'S    HEAT. 

The  qneatlon  why  the  planets  move  in  curved  orbits,  ons 
of  tlie  grandest  of  problcma,  was  solved  hy  Newton  in  cod- 
seqnence,  it  is  believed,  of  his  reflecting  on  the  fall  of  an  ap- 
ple. This  story  is  not  improbable,  for  we  are  on  the  right 
track  for  the  discovery  of  truth  when  once  wo  clearly  recog- 
nize that  between  great  and  smnU  no  qualitative  but  only  a 
quantitative  difference  exists — when  wc  resist  the  auggcaliona 
of  an  ever  active  iiuagi nation,  and  look  for  the  same  laws  in 
the  greatest  as  well  as  in  the  smallest  processes  of  nature. 

Tliis  universal  rfinge  is  the  essence  of  a  law  of  nalurc, 
and  the  touclistone  of  the  correctness  of  human  Ilioorit'S.  Wo 
observe  the  fall  of  on  apple,  and  investigate  Ihc  law  which 
governs  tliis  phenomenon ;  for  the  earth  wc  substitute  tho 
8tm,  and  for  the  apple  a  planet,  and  thus  possess  ourselves  of 
tlie  key  to  tho  mechanics  of  tho  heavens. 

As  the  same  laws  prevail  in  the  greater  as  well  as  in  Iho 
smaller  processes  of  nature,  Newton's  method  may  he  used  in 
solving  the  problem  of  the  origin  of  the  sim's  heat.  We 
know  the  connexion  between  the  space  through  which  a  body 
falls,  tho  velocity,  the  vu  vttia,  and  the  generation  of  heat  on 
the  surface  of  this  globe ;  if  wc  again  substitute  for  the  earth 
tlie  sun,  with  a  mass  350,000  greater,  and  for  ft  height  of  a 
fiiw  metres  celestial  distances,  we  obtain  a  generation  of  boat 
exceeding  all  terrestrial  measures.  And  since  wc  have  suifi- 
cient  reason  to  assume  the  actual  existence  of  sui'li  mechani- 
cal processes  in  the  heavens,  we  find  therein  tlie  only  tenable 
explanation  of  the  orig^  of  the  hoat  of  tho  sun. 
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The  fact  that  the  doTclopment  of  heal  by  m(^chaaii:ul 
mi'jins  OQ  the  surface  of  oiir  globe  is,  aa  a  rule,  not  so  great, 
anil  caonot  be  BO  grtat  08  the  generation  of  the  satno  agcut 
by  uhuinical  mL'UDs,  as  by  c-ombustlos,  follows  from  the  laws 
(Urcadj  discussed ;  and  this  fact  cannot  bo  used  as  an  argu- 
oiunt  against  the  assumption  of  a  greater  development  of 
heat  by  a  greater  expenditure  of  mechaDical  work.  It  has 
Ik!cu  abown  that  the  heat  generated  by  a  weight  folliiig  from 
a  height  of  367  metres  is  only  mfh  part  of  the  heat  pro- 
duced by  the  combostion  of  the  same  weight  of  coal ;  just  as 
small  is  the  amount  of  heat  developed  by  a  weight  moving 
with  the  not  iuconsiderablc  velocity  of  85  metres  in  one  sec- 
ond. But,  according  to  tlie  laws  of  mcelianies,  llic  effect  is 
projiortional  to  the  square  of  the  velocity ;  if  lliercfora  the 
weight  move  100  limes  fualer,  or  with  a  velocity  of  85U0 
iiu'tres  in  one  second,  it  will  produce  n  greater  effect  than  the 
combustion  of  on  equal  quantity  of  cool. 

It  is  true  that  so  great  a  velocity  cumiot  be  obtained  by 
human  mcaua  ;  everyrlay  experience,  however,  shows  the  de- 
velopment of  high  degrees  of  temperature  by  mechanical 


In  the  common  fiiat  and  steol,  the  particles  of  atecl  which 
arc  struck  off  are  sufficiently  heated  to  bum  in  air.  A  few 
blows  directed  by  a  skilful  bladiamith  with  a  sledge-hammer 
against  a  piecu  of  cold  metal  may  raise  the  temperature  of 
the  metal  at  the  points  of  collision  to  redness. 

The  new  crank  of  a  st^-amer,  whilst  being  poliahed  by 
friction,  becomes  red-hot,  several  buckets  of  water  being  re- 
quired tA  cool  it  down  to  its  ordinary  temperature-. 

nHien  a  railway  train  passes  with  even  less  Uiaa  its  ordi- 
nary velocity  along  a  very  sharp  ctirve  of  the  line,  sparks  are 
bbscrved  in  consequence  of  the  fiiclion  against  the  rails. 

One  of  the  grandest  constnietions  for  tlie  production  of 
motion  by  human  art  is  llie  channel  in  which  the  wood  was 
allowed  to  glide  down  from  tho  Btccp  and  loily  sides  of  Mount 
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FQatiu  into  the  pUn  below.  This  wooden  fJiMmel  iHikA 
was  bnik  about  thirtj  jean  ago  by  the  engmeer  Bappt  was 
9  F"g^"h  niDes  in  length ;  the  largest  trees  were  shot  down 
It  fix»m  the  top  to  the  bottom  of  the  monntain  in  about  two 
ywinnt^ji  and  a  halfl  The  momentmn  possessed  bj  the  tzees 
on  their  escaping  at  their  joomej's  end  £rom  the  channel  was 
sufficientlj  great  to  bury  their  thicker  ends  in  the  ground  to 
the  depth  of  from  6  to  8  metres.  To  prevent  the  wood  get- 
ting too  hot  and  taking  fire,  water  was  conducted  in  manj 
places  into  the  channel. 

This  stupendous  mechanical  process,  when  compared  with 
cosmical  processes  on  the  sun,  appears  infinitely  smalL  In 
the  latter  case  it  is  the  mass  of  the  sun  which  attracts,  and 
in  lieu  of  the  height  of  Mount  Pilatus  we  have  distances  of  a 
hundred  thousand  and  more  miles ;  the  amount  of  heat  gene- 
rated by  cosmical  falls  is  therefore  at  least  9  million  times 
greater  tlmn  in  our  terrestrial  example. 

liays  of  heat  on  passing  through  gloss  and  other  transpa- 
rent iKjdies  undergo  partial  absorption,  which  differs  in  de- 
gree, however,  according  to  the  temperature  of  the  source 
from  which  the  heat  is  derived.  Heat  radiated  from  sources 
lens  warm  than  boiling  water  is  almost  completely  stopped  by 
thin  pbites  of  glass.  As  the  temperature  of  a  source  of  heat 
in<TeaseH,  its  rays  pass  more  copiously  Uirough  diathermic 
bodies.  A  plate  of  glass,  for  example,  weakens  the  rays  of 
a  red-hot  substance,  even  when  the  latter  is  placed  very  close 
to  it,  nmch  more  than  it  does  those  emanating  at  a  much 
greater  distance  from  a  white-hot  body.  If  tlie  quality  of 
the  sun's  rays  be  examined  in  this  respect,  their  diathermic 
energy  is  found  to  be  far  superior  to  that  of  all  artificial 
Hounres  of  heat.  The  temperature  of  the  focus  of  a  concave 
nuitalllc  reflector  in  which  the  sun's  light  has  been  collected 
is  only  diminished  from  one-seventh  to  one-eighth  by  the  in- 
toq>oHitiuu  of  a  screen  of  glass.     K  the  same  experiment  bo 
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nindc  with  an  arlificial  and  laminous  source  of  heat,  it  i? 
found  that,  thou^  the  focus  be  veiy  hot  when  the  scruen  ia 
away,  the  mterposition  of  the  latter  cats  off  nearly  all  the 
heat ;  moreover,  the  focus  will  not  recover  ita  Ibrracr  temper- 
ature when  reflector  and  Bcrecn  are  placed  enffloienlly  near  to 
the  source  of  heat  to  make  tlie  focus  appear  brighter  than  it 
did  in  the  former  poaition  without  the  glass  screen. 

The  empirical  law,  that  the  diatliormic  energy  of  heal  in- 
creases with  the  temperature  of  the  source  Irom  which  the 
boat  is  radiated,  teaches  ns  that  the  sun's  surface  must  be 
much  hotter  than  the  moat  powcrfid  process  of  combustion 
could  reuder  tt. 

Other  metliods  furnish  the  same  conclusion,  li'  wo  ima- 
gine the  Bun  to  Iki  surrounded  by  a  hollow  sphere,  it  is  clear 
that  the  inner  surface  of  this  e{>hcro  must  receive  all  the  heat 
rai]iat«d  from  the  sun.  At  the  distance  of  our  globe  from  the 
BUI),  such  a  sphere  would  have  a  radius  215  times  as  great, 
and  an  area  46,000  dmcs  as  large  as  the  sun  himself;  those 
luminous  and  calorific  rays,  tlierefore,  n-hich  meet  this  spheri- 
cal surfaeo  at  right  angles  retain  only  a^lh  part  of  their 
original  intensity.  If  it  be  fnrlher  considered  that  our  at- 
mosphere absorbs  a  part  of  the  solar  rnys,  it  is  clear  that  the 
rays  which  reach  the  tropica  of  our  earth  at  noonday  can 
only  possess  from  ^^^th  to  n^th  of  the  power  with  which 
Ibey  started.  These  rays,  when  gathered  irom  a  surface  of 
from  6  to  6  aqnaro  metres,  and  concentrated  in  an  area  of 
one  square  centimetre,  would  produce  about  the  temperature 
which  exists  on  the  sun,  a  temperature  more  than  sulBcient 
to  vaporize  platinum,  rhodium,  and  similar  metals. 

The  radiation  calculated  in  Chapter  III.  likewise  proves 
the  enormous  temperature  of  the  solar  surface.  From  the 
determination  mentioned  therein,  it  follows  that  each  square 
centimetre  of  the  sun's  surface  loses  by  radiation  about  80 
nnits  of  beat  per  minute — an  itnmeuBc  quantity  in  compari- 
flOQ  ynth  terrestrial  radialiuns. 
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A  correct  tbeory  of  the  origin  of  the  sun's  hest  mnat  ex* 
plain  the  cause  of  such  enormous  temperatures.  This  ez|ila- 
nation  can  be  deduced  from  the  foregoing  statements.  Ao* 
cording  to  Pouillet,  the  temperatore  at  which  bodies  appear 
intense^  white-hot  is  about  1500^  C.  The  heat  generated  hy 
the  combustion  of  one  kilogramme  of  hydrogen  is,  as  deteiv 
mined  bj  Dulong,  84,500,  and  according  to  the  more  recent 
experimenta  of  Grassi,  34,666  units  of  heat.  One  part  of 
hydrogen  combines  with  eight  parts  of  oxygen  to  form  water ; 
hence  one  kilogramme  of  these  two  gases  mixed  in  this  ratio 
would  produce  8850^. 

Let  us  now  compare  this  heat  with  the  amount  of  the 
same  agent  generated  by  the  £blI1  of  an  asteroid  into  the  sun. 
Without  taking  into  account  the  low  specific  heat  of  sac^ 
masses  when  compared  with  that  of  water,  we  find  the  boat 
developed  by  the  asteroid  to  be  from  7000  to  15,000  times 
greater  than  that  of  the  oxyhydrogen  mixture.  From  data 
like  these,  the  extraordinary  diathermic  energy  of  the  sun's 
rays,  the  immense  radiation  from  his  surface,  and  the  high 
temperature  in  the  focus  of  the  reflector  are  easily  accounted 
for. 

The  facts  above  mentioned  show  that,  unless  we  assume 
on  the  sun  the  existence  .of  matter  with  unheard  of  chemical 
properties  as  a  dens  ex  machind,  no  chemical  process  could 
maintain  the  present  high  radiation  of  the  sun ;  it  also  fol- 
lows from  the  above  results,  that  the  chemical  nature  of  bo- 
dies which  fall  into  the  sun  does  not  in  the  least  afiect  our 
conclusions;  the  efiect  produced  by  the  most  inflammable 
substance  would  not  differ  by  one-thousandth  part  from  that 
resulting  from  the  fall  of  matter  possessing  but  feeble  chemi- 
cal affinities.  As  the  brightest  artificial  light  appears  dark  in 
comparison  with  the  sun's  light,  so  the  mechanical  processes 
of  the  heavens  throw  into  the  shade  the  most  powerful  chem- 
ical actions. 

The  quality  of  the  sun's  rays,  as  dependent  on  his  temper 
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Bturc,  is  of  the  greatest  importance  to  mankind.  If  tlic  eolai 
hcai  were  originaicd  hy  a  cheinioal  process,  and  iimotuitQij 
pcar  its  source  to  a  temperature  of  a  few  tbouaund  degrees, 
it  Tronld  be  possililo  for  iLe  light  to  reaeli  us,  whilst  tho 
grt^alcr  part  of  tlic  mora  important  calorilic  rays  would  be  ab- 
Borbi^J  hy  ibe  higher  strata  of  onr  atmospbero  and  then  re* 
turned  to  tho  universe. 

In  consequence  of  the  high  temperature  of  the  sun,  how- 
ever, our  atmosphere  is  highly  diathcnnic  to  his  rays,  so  that 
the  lalter  reach  the  eorface  of  onr  earth  and  worm  it.  The 
comparatively  low  temperature  of  tho  lerrestrifll  surface  is 
tlio  cause  why  tho  hcut  caimot  easily  radiate  back  through  the 
atmosphere  into  the  universe.  The  atniospliere  acts,  there- 
fore, like  an  envelope,  which  is  easily  pierced  by  tliu  solar 
rays,  but  which  ofil^ra  considerable  resistance  to  tho  radiant 
heut  escaping  from  our  earth  ;  lie  action  resembles  that  of  a 
valve  which  allows  liijuid  to  pass  freely  in  one,  but  atopa  llie 
flow  in  the  opposite  direction. 

The  action  of  the  atmosphere  is  of  the  greatest  impor- 
tance as  regards  climiitc  and  melcorolog^col  processes.  It 
must  raise  tho  mean  temperature  of  llio  earth's  surface.  Af- 
ter the  setting  of  the  sim — in  fact,  in  all  places  where  his 
rays  do  not  reach  the  surface,  the  temporuluro  of  the  eorlli 
would  soon  bo  as  low  as  that  of  tliu  universe,  if  tho  atmos- 
phere were  removed,  or  if  it  did  not  exist.  Even  the  power- 
fiit  solar  rays  in  the  tropica  would  bo  unable  to  prescnro  wa- 
ter in  its  liquid  state. 

Between  tho  great  cold  which  would  reign  at  all  times 
nnd  in  nil  plncus,  and  tlie  moderate  warmth  which  in  reality 
exists  on  our  globe,  intermediate  lemperaturca  may  be  ima- 
gined ;  and  it  is  easily  seen  that  the  mean  temperature  would 
decrease  if  the  atmosphere  were  to  become  more  and  more 
rare.  Such  a  rarefaction  of  a  valvc-liko  acting  atmosphere 
Mtnally  i&kee  place  oa  we  ascend  higher  and  higher  ahova 


Wcrogma  fxtmi^irw^  vs&  csiss  p«rs£  cc  cxtjeoi  a>  is^  mter ; 
«  cc*&  idk>ie7mmBe  c-^  laeae  two  ^Mst&  ir.hEwi  ia  Ais  iBtio 

I>e£  3i  zyjw  vmqan  cLis  bsjEC  wish  tbe  awwignr  of  the 
MbTA  x:px^  ^-stzT^uA  Lt  the  &n  of  as  aKeroad  isxo  the  smu 
Whc/xs  taking  icio  aceooos  the  low  ffwcific  heat  of  mdi 
nuA^^s*  wLen  conqiArtd  wish  ihax  of  water,  we  find  the  heat 
d<!fv«:>4^  bj  the  aAiErroid  :o  be  jrcsi  7'»>  lo  loJAPO  times 
great/:r  thaa  thai  of  tLe  oxyhjdro^n  mixnzre.  From  data 
lik/:  tfje^^,  the  extraoniinarj  diaihcncic  eser^  of  the  sun's 
rtkj^^  the  ImDMrnse  r&'liation  from  his  sor&ce,  and  the  high 
U'MiiMT'dlnTH  in  the  focm  of  the  rcfl*:-ctor  are  ea^Oj  accounted 
for. 

Th';  factfi  aTxive  mentioned  ^how  that,  unless  we  assume 
on  thf:  Hun  the  existence  .of  matter  ^ith  unheard  of  chemical 
profH:rtj<:»  as  a  dtu*  tx  machinaj  no  chemical  process  could 
fnainfuin  the  present  high  radiation  of  the  sun ;  it  abo  fol- 
io wh  from  the  aTxive  results,  that  the  chemical  nature  of  bo- 
tVmn  which  full  into  the  sun  does  not  in  the  least  affect  our 
CfiNf'liJKions ;  tlie  effect  produced  bj  the  most  inflammable 
subMtanc^s  would  uot  differ  bj  one-thousandth  part  from  that 
n^Kulting  from  the  fall  of  matter  possessing  but  feeble  chcmi- 
nii  fifllnities.  As  the  brightest  artiflcial  light  appears  dark  in 
voiniitiriwni  with  the  ftiiri's  light,  so  the  mechanical  processes 
of  Um;  hi'Ayv.iiH  throw  into  the  shade  the  most  powerful  chem- 
icfil  m!ti(iiiH. 

'Vhv.  (|imlify  of  \\u*  huh'h  rays,  as  dependent  on  his  temper 
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atuTc,  is  of  the  groateflt  importance  to  manlrirnl.  ir  Ibo  Bolni 
heat  were  originated  by  a  chemical  process,  nnil  amoimlcd 
near  ila  Bource  to  &  temperature  of  a  few  thoiiaand  dugrcL's, 
it  would  bo  possible  tor  tlie  light  to  reseh  us,  whilst  iJio 
greater  part  of  the  more  important  calorilic  rays  would  bo  al>. 
Borbud  by  tlie  higher  strata  of  our  atmosphere  and  tbon  to- 
turned  to  the  universe. 

la  conacquence  of  the  high  temperature  of  the  suu,  how- 
ever, our  atmosphere  is  highly  diathermic  to  his  rays,  so  that 
the  hitter  rcaeh  the  suHaco  of  our  earth  and  warm  it.  The 
comparatively  low  temperature  of  the  terrestrial  surface  la 
the  cause  why  the  heat  canuot  easily  radiate  back  throu^t  the 
atmo8])hcre  into  ibo  universe.  The  atmosphere  acts,  Ihete- 
fiire,  like  an  envelope,  which  is  easily  pierced  by  the  solar 
rnys,  but  which  offers  considerable  resislaueo  to  the  radiant 
hcut  escaping  from  our  earth  ;  its  action  resembles  that  of  a 
valve  which  allows  liquid  to  pass  freely  in  one,  but  stops  the 
flow  in  the  opposite  direction. 

The  action  of  the  atmosphere  is  of  the  greatest  impor- 
tance OB  regards  climate  and  meteorological  processes.  It 
must  raise  the  mean  temperature  of  llie  earth's  surface.  Af- 
ter iho  setting  of  the  sun — in  fact,  in  all  places  where  his 
rays  do  not  reach  the  surface,  the  tcmpcralure  of  the  earth 
would  soon  be  as  low  as  that  of  tho  nniverxe,  if  the  atmos- 
phere were  removed,  or  if  it  did  not  exist.  Even  the  power- 
lid  solar  rays  in  the  tropics  would  be  unable  to  prosorro  wa- 
ter in  its  liquid  state. 

Between  the  great  colil  which  would  reign  at  all  limes 
aud  iu  all  places,  and  the  moderate  warmth  which  in  reality 
exists  on  our  globe,  intormediate  temperatures  may  be  imit- 
gined ;  and  it  is  easily  seen  tliat  the  mean  teinperatore  would 
decrease  if  the  atmosphere  were  to  become  more  and  more 
rare.  Such  a  rarefaction  of  a  valve-like  acting  atmosphero 
tctually  takes  place  as  wo  ascend  higher  and  higher  above 
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which  is  common  in  phjsical  inqniries.  Observation  of  the 
moon's  motion  reveals  to  ns  the  external  form  of  the  earth. 
The  physicist  determines  with  the  tor8ion4Milance  the  weight 
of  a  planet,  jnst  as  the  merchant  finds  the  weight  of  a  parcel 
of  goods,  whilst  the  pendnlmn  has  become  a  magic  power  in 
the  hands  of  the  geologist,  enabling  him  to  discover  cavitiefi 
in  the  bowels  of  the  eartlu  Oar  case  is  similar  to  these.  Bj 
observation  and  calculation  of  the  velodtj  of  sound  in  our 
atmosphere,  we  obtain  the  ratio  of  the  specific  heat  of  air  nn* 
der  constant  pressure  and  under  constant  volume,  and  by  the 
help  of  this  number  we  determine  the  quantity  of  heat  gene* 
rated  by  mechanical  work.  The  heat  which  arrives  firom  the 
sun  in  a  given  time  on  a  small  surface  of  our  globe  serves  as 
a  basis  for  the  calculation  of  the  whole  radiating  efiect  of  the 
snn ;  and  the  result  of  a  series  of  observations  and  wcU- 
foundcd  conclusions  is  the  quantitative  determination  of  those 
cosmical  masses  which  the  sun  receives  from  the  space 
through  which  he  sends  forth  bis  rays. 

Measured  by  terrestrial  standards,  the  ascertained  nxmiber 
of  so  many  billions  of  kilogrammes  per  minute  appears  in- 
credible. This  quantity,  however,  may  be  brought  nearer  to 
our  comprehension  by  comparison  with  other  cosmical  mag^ 
nitudes.  The  nearest  celestial  body  to  us  (the  moon)  has  a 
mass  of  about  90,000  trillions  of  kilogrammes,  and  it  would 
therefore  cover  the  expenditure  of  the  sun  for  from  one  to 
two  years.  The  mass  of  the  earth  would  afford  nourishment 
to  the  sun  for  a  period  of  from  60  to  120  years. 

To  facilitate  the  appreciation  of  the  masses  and  the  dis- 
tances occurring  in  the  planetary  system,  Ilerschcl  draws  the 
following  picture.  Let  the  sun  be  represented  by  a  globe  1 
metro  in  diameter.  The  nearest  planet  (Mercury)  will  be 
about  as  large  as  a  pepper-corn,  Si  millimetres  in  thickness, 
at  a  distance  of  40  metres.  78  and  107  metres  distant  from 
the  sun  will  move  Venus  and  the  Earth,  each  9  millimetres  in 
diameter,  or  a  little  larger  than  a  pea.     Not  much  more  than 
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of  a  metre  from  the  Earth  will  be  the  Moon,  the 

mustard  seed,  2J  millimotros  ia  iliamelcr.     Milts, 

ice  of  IGO  metrics,  will  Iiiltg  about  half  the  diamc- 

|0f  the  Earth  ;  (lad  the  snia,licr  planets  (Vesta,  Hebe,  Ab 

!»,  Judo,  Pallas,  Coree,  &e.),  at  a  distance  of  Irom  250  to 

metres  from,  the  aim,  will  resemble  particles  of  sand. 

iiter  and  Saturn,  560  and  1000  metres  distant  from  the  ccn- 

o,  will  be  represented  by  oranges,  10  and  9  centimetres  in 

iatneter.    Uranus,  of  the  size  of  a  nut  4  centimetres  across, 

oU  be  2000  metres ;  and  Neptune,  as  large  as  an  apple  G 

itimetrcs  ia  diuncter,  will  be  nearly  twice  as  distant,  or 

half  a  geographical  mile  away  &om  the  sun.     From 

ilie  nearest  fixed  star  will  be  more  than  2000  geo- 

ipkical  miles. 

To  complete  this  picture,  it  is  necessary  to  imagine  finely- 
matter  grouped  in  a  diversified  manoer,  moving  slowly 
gradually  towards  the  large  central  globe,  and  on  its  ar- 
il fttloching  itself  thereto ;  this  matter,  when  favourably 
illuminated  by  tl>e  sun,  represents  itself  to  us  as  the  zodiacal 
light.  This  nebulous  substance  forms  also  an  important  part 
of  a  creation  in  which  nothing  is  by  chance,  but  wherein  all 
ts  arranged  with  Divine  foresight  and  wisdom. 

The  surface  of  tbe  sun  measures  115,000  millions  of 
tqnftre  miles,  or  G^  triUions  of  sqnore  metres :  the  mass  of 
matter  which  in  the  shape  of  asteroids  folia  into  the  sun  every 
minute  is  from  9.1.000  to  188,000  billions  of  Idlogrammea ; 
one  square  metre  of  solar  surface,  thoreforo,  receives  on  an 
average  from  15  to  30  grammes  of  matter  per  minute. 

To  compare  this  process  wilb  a  terrestrial  phenomenon,  a 
gentle  rnin  may  be  considered  which  sends  down  in  one  hour 
ft  layer  of  water  1  millimetre  in  thidaiess  (during  a  thunder- 
storm the  rainfall  is  often  from  ten  to  fifteen  times  this  qaon- 
ilily)  ;  tltis  amounts  on  a  square  metro  to  17  grammes  per 
(oinule. 
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Hie  oontiniial  bombardment  of  the  mm  by  these  oosmiett] 
masses  ought  to  increase  its  volume  as  well  as  its  mass,  if 
centripetal  action  only  existed.  The  increase  of  volume, 
could  scarcely  be  appreciated  by  man ;  for  if  the  specific  gray- 
ity  of  these  cosmical  masses  be  assumed  to  be  the  same  ms 
that  of  the  sun,  the  enlargement  of  his  apparent  diameter  to 
the  extent  of  one  second,  the  smallest  appreciable  magnitude, 
would  require  from  88,000  to  66,000  years. 

Not  quite  so  inappreciable  would  be  the  increase  of  the 
mass  of  the  sun.  K  this  mass,  or  the  wei^t  of  the  son, 
were  augmented,  an  acceleration  of  the  motion  of  the  planets 
in  their  orbits  would  be  the  consequence,  whereby  their  times 
of  revolution  round  the  central  body  would  be  shortened. 
The  mass  of  the  sun  is  2'1  quintiUions  of  kilogrammes ;  and 
the  mass  of  the  cosmical  matter  annually  arriving  at  the  sun 
stands  to  the  above  as  1  to  from  21  —  42  millions.  Such  an 
augmentation  of  the  weight  of  the  sun  ought  to  shorten  the 
sidereal  year  from  4s:Mo;obbth  to  85/)oo,ooo^  of  its  length,  or  from 
jths  to  fths  of  a  second. 

The  observations  of  astronomers  do  not  agree  with  this 
condusion ;  we  must  therefore  fall  back  on  the  theory  men- 
tioned at  the  beginning  of  this  chapter,  which  assumes  that 
the  sun,  like  the  ocean,  is  constantly  losing  and  receiving 
equal  quantities  of  matter.  This  harmonizes  with  the  suppo- 
sition that  the  via  viva  of  the  universe  is  a  constant  quantity. 


VI.— THE   SPOTS   ON   THE   SUN'S   DISC. 

The  solar  disc  presents,  according  to  Sir  John  Herschel, 
the  following  appearance.  "  When  the  sun  is  observed 
through  a  powerful  telescope  provided  with  coloured  glosses 
in  order  to  lessen  the  heat  and  brightness  which  would  be 
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hurtful  to  the  eyes,  large  dark  spois  arc  often  seen  surrounded 
by  eilgua  wbieli  are  not  quite  so  (lurk  as  the  spots  themselves, 
and  wliioli  nro  called  penumbric.  These  spots,  however,  are 
neither  perniBnetit  oor  unchangeuble.  When  observed  from 
day  to  day,  or  even  from  hour  to  hour,  Ibeir  form  is  seen  to 
change  ;  ihey  expand  or  contract,  and  finally  disappear ;  on 
ottirr  ports  of  the  solar  surface  now  spots  epring  iuto  euBt> 
ence  where  noQo  could  be  discovered  before.  When  they  dis- 
appear, the  darker  part  in  the  middle  of  the  spot  contracts  to 
a  point  and  vanishes  sooner  than  the  edge.  Sometimes  they 
break  up  into  two  or  more  parts  that  show  all  the  signs  of 
mobility  characteristic  of  a  lii^iud,  and  the  extraordinary 
commotion  which  it  seems  only  possible  for  gaseous  matter  to 
possess.  Tlio  magnitude  of  th«ir  motion  is  very  great.  An 
arc  of  1  second,  as  seen  from  our  globe,  corresponds  to  465 
English  miles  on  the  son's  disc ;  a  circle  of  this  iliam«ter, 
which  measures  nearly  220,000  English  square  miles,  is  the 
smallest  area  that  can  bo  seen  on  the  solar  sui-face.  Spots, 
however,  more  than  4^,000  English  miles  in  diameter,  and, 
if  we  may  trust  some  statements,  of  even  greater  dimensions, 
have  been  observed.  For  such  a  spot  to  disappear  in  tho 
course  of  six  weeks  (and  they  rarely  last  longer),  tlie  edges, 
whiUt  approaching  each  other,  moat  move  through  a  space  of 
more  than  1000  miles  per  diem. 

'*  That  portion  of  the  solar  disc  which  is  free  from  spola 
is  by  no  means  uniformly  bright.  Over  it  are  scattered  small 
dark  spots  or  pores,  which  are  fonnd  by  careful  observation 
to  bo  in  a  state  of  coutinnal  change.  Tho  slow  sinking  of 
some  chemical  precipitates  in  a  transparent  liquid,  when 
viewed  from  the  up[)er  surface  and  in  a  direction  pcrpendicu- 
lar  thereto,  resetnbles  more  accurately  than  any  other  phe- 
nomenon the  changes  which  the  pores  ondergo.  Tlie  similar- 
ity is  so  striking,  in  tact,  that  one  cait  scarcely  resist  the  idea 
that  the  appearances  above  described  are  owing  to  a  luminous 
medium  moving  nbont  in  a  uon-liualnous  almosphera,  either 
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like  the  douds  in  our  air,  or  in  wide-qpread  planes  and  flam^ 
like  oolomn*,  or  in  rave  like  the  aurora  borealis. 

**  Xear  large  spou,  or  exlensiTe  groapB  of  them,  lai;^ 
spaces  are  observed  to  be  covered  with  pecoliarlj  marked 
lines  mnch  bri^ter  than  the  other  parts  of  the  surface ;  these 
lines  are  carved,  or  deviate  in  branches,  and  are  called  facnbe. 
Spots  are  often  seen  between  these  lines,  or  to  originate  there. 
These  are  in  all  probabilitj  the  crests  of  immense  waves  in 
the  Inminons  regions  of  the  solar  atmosphere,  and  bear  witr 
ness  to  violent  action  in  their  inunediate  neighbonriiood.'' 

The  changes  on  the  solar  sar&oe  evidently  point  to  the 
action  of  some  external  disturbing  force ;  for  everj  moving 
power  resident  in  the  sun  itself  ought  to  exhaust  itself  by  its 
own  action.  These  changes,  therefore,  arc  no  unimportant 
confirmation  of  tbc  theory  explained  in  these  pages. 

At  the  same  time  it  must  be  observed  that  our  knowledge 
of  {ihysical  heliography  is,  £rom  the  nature  of  the  subject, 
very  limited ;  even  the  meteorological  processes  and  other  phe- 
nomena of  our  own  planet  are  still  in  many  respects  enigmat- 
ical. For  this  reason  no  special  information  could  be  given 
about  the  manner  in  which  the  solar  surface  is  affected  by 
cosmical  masses.  However,  I  may  be  allowed  to  mention 
some  probable  conjectures  which  offer  themselves. 

The  extraordinarily  high  temperature  which  exists  on  the 
sun  almost  precludes  the  possibility  of  its  surface  being  solid ; 
it  doubtless  consists  of  an  uninterrupted  ocean  of  fiery  fiuid 
matter.  Tliis  gaseous  envelope  becomes  more  rarefied  in 
those  parts  most  distant  from  tlie  sun's  centre. 

As  most  substances  are  able  to  assume  the  gaseous  state 
of  aggregation  at  high  temperatures,  the  height  of  the  suu's 
atmosphere  cannot  be  inconsiderable.  There  are,  however, 
sound  reasons  for  believing  that  the  relative  lieight  of  the  so- 
lar atmosphere  is  not  very  great. 

Sinct!  the  ^avity  is  28  times  gi*eater  on  the  sun's  surface 
thur  it  is  on  our  earth,  a  column  of  air  on  tlie  former  must 
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cause  a  pressure  28  times  grcaler  than  it  would  on  our 
globe.  This  great  preseare  compresses  air  as  much  oa  a  tem- 
pcraturo  of  8000°  would  cspand  il. 

la  a  atill  greater  degree  than  this  increased  gravity  do  tlie 
quulilice  peculiar  to  gasea  affect  the  height  of  the  solar  almo- 
Bphere.  In  conaeqncnce  of  Ihoae  properties,  the  density  of 
our  atmosphere  rapidly  diminishes  as  ws  ascend,  and  ii 
Its  wo  descend.  Generally  speaking,  rarefaction  i 
a  geometrical  progression  when  the  heights  are  in  an  arilh- 
mclical  progression.  If  we  ascend  or  descend  2^,  5,  or  SO 
miles,  we  find  onr  atmosphere  ID,  100,  or  a  billion  times  more 
rarefied  or  more  dense. 

Thia  law,  although  modified  by  ihe  unequal  temperatures 
of  the  diflcrent  htjers  of  the  photosphere,  and  the  unknown 
chemicul  nature  of  the  Bubstaueua  of  which  it  ia  composed, 
must  also  hold  good  in  somo  measure  for  the  sim.  As,  how- 
ever, the  meau  temperature  of  the  solar  atmosphere  muat 
conaidembly  cicecd  that  of  our  atmosphere,  the  density  of  the 
former  will  not  varj-  so  rapidly  with  the  height  as  the  latter 
does.  If  wo  assume  this  increaso  aud  decrease  on  the  sun  to 
bo  (i.'n  times  slower  than  it  is  on  onr  earth,  it  follows  tlmt  at 
the  heights  of  25,  50,  and  300  miles,  a  rarefaction  of  10, 
100,  and  a  billion  times  respectively  would  be  observed.  The 
solar  atmosphere,  therefore,  docs  not  attain  a  height  of  400 
geographical  miles,  or  it  cannot  bo  aa  much  as  jB,lh  of  the 
mrn's  radius.  For  if  we  take  the  density  of  the  lowest  strata 
of  the  Sim's  atmosphere  to  be  1000  times  greater  that  that  of 
our  own  near  the  level  of  the  sea,  a  density  greater  than  that 
of  water,  and  necessarily  too  high,  then  at  a  height  of  400 
miles  this  atmosphere  would  be  10  billion  times  less  dense 
than  the  earth's  atmosphexe ;  that  is  to  say,  to  human  com- 
prehension it  has  ceased  to  exist. 

This  discussion  shows  that  tho  solar  atmosphere,  in  com- 
parisou  witli  the  body  of  tho  sun,  has  only  an  insignificant 

I  iieight ;  at  the  same  tiine  it  may  be  remarked  that  on  the 

I  18 
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sun's  siir£BU!e,  in  spite  of  Uie  great  heat,  sach  substances  as 
water  may  possiblj  exist  in  tlie  liquid  state  under  a  pressure 
thousands  of  times  greater  than  that  of  our  atmosphere. 

Since  gases,  when  free  from  anj  solid  particles,  emit,  even 
at  very  high  temperatures,  a  pale  transparent  li^^it — the  so- 
called  lumen  philosophicum — it  is  probable  that  the  intense 
white  light  of  the  suq  has  its  origin  in  the  denser  parts  of  his 
surface.  If  such  be  assumed  to  be  the  case,  the  sun's  spots 
and  faculsB  seem  to  be  the  disturbances  of  the  fiery  liquid 
ocean,  caused  by  most  powerful  meteoric  processes,  for  whidi 
all  necessary  materials  are  present,  and  partly  to  be  caused 
by  the  direct  influence  of  streams  of  asteroids.  The  deeper 
and  less  heated  parts  of  this  fiery  ocean  become  thus  exposed, 
and  perhaps  appear  to  us  as  spots,  whereas  the  elevations 
form  the  so-called  faculse. 

According  to  the  experiments  made  by  Uenry,  an  Ameri- 
can physicist,  the  rays  sent  forth  from  the  spots  do  not  pro- 
duce the  same  heating  effect  as  those  emitted  by  the  brighter 
parts. 

We  have  to  mention  one  more  remarkable  circumstance. 
Tlie  spots  appear  to  be  confined  to  a  zone  which  extends  30° 
on  each  side  of  the  sun's  equator.  The  thought  naturally 
sugp^ests  itself  that  some  connexion  exists  between  those  solar 
processes  which  produce  the  spots  and  faculse,  the  velocity  of 
rotation  of  the  sun,  and  the  swarms  of  asteroids,  and  to  de- 
duce therefrom  the  limitation  of  the  spots  to  the  zone  men- 
tioned. It  still  remains  enigmatical  by  what  means  nature 
contrives  to  bring  about  the  uniform  radiation  which  pertains 
alike  to  the  polar  and  equatorial  regions  of  the  sun. 
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VII— THE    TIDAL     WAVE. 

In  almost  every  cava  the  forces  and  motions  ou  the  siir 
face  of  the  oartli  may  be  Iraccil  back  to  the  rays  of  tho  sun. 
Some  processus,  however,  form  a  remarkable  eiccplion. 

One  of  these  is  the  lideB.  Beautiful,  and  in  some  re* 
specta  exhanstivo  reBearchea  on  tUia  phenomcnoa  have  been 
made  by  N^ewtoo,  Laplace,  and  others.  The  tides  are  cansi^id 
by  the  attractioQ  exercised  by  the  sun  and  the  moon  on  the 
aovcablc  parts  of  the  earth's  surface,  and  by  tho  asial  rota- 
tion of  our  globe. 

Tho  alternate  rising  and  falling  of  the  level  of  the  sea 
may  be  compared  to  (he  asecat  and  descent  of  a  pendulum 
CBcillaling  under  the  influence  of  the  earth's  attraction. 

The  coQtimial  reaislftnee,  however  weak  it  may  bo,  which 
an  instrument  of  this  nature  (a  physical  pendulum)  Euffcrs, 
constantly  shortens  the  amplitude  of  the  oscillatioas  which  it 
performs ;  and  if  the  pendulum  be  required  to  continue  in 
miiform  motion,  it  most  receive  a  constant  supply  of  tis  viva 
corrcapondiug  to  tho  resistance  it  has  lo  overcome. 

Clocks  regulated  by  a  pendulum  obtain  such  a  supply, 
either  from  a  raised  weight  or  a  bent  spring.  The  power 
consumed  in  raising  the  weight  or  in  bending  the  spring, 
which  power  Is  represented  by  the  raised  weight  or  the  bent 
spring,  overcomes  for  a  time  the  resistance,  and  thns  secures 
the  uniform  motion  of  the  pendulum  and  clock.  la  doing  so, 
the  woiglit  siuks  do\vTi  or  llio  spring  uncoils,  and  therefore 
fijrcc  must  bu  expended  tn  winding  llio  clock  ap  again,  or  it 
would  stop  moving. 

Easeuliully  llie  same  holds  good  for  the  tidal  wave.  The 
moving  waters  rub  against  each  other,  against  tho  shore,  and 
against  llio  atmosphere,  and  tlius,  meeting  constantly  tvith  re 
■Islance,  would  soon  come  to  rest  if  a  vm  viva  did  not  exist 
flompctent  t«  overcome  these  obatades.    Tliia  vit  viva  is  the 
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rotatioD  of  the  earth  on  its  axis,  and  tlic  dimiiiation  and  final 
csbaustion  thereof  will  be  a  consequence  of  such  an  action. 

The  tidal  wave  coiiaes  a  diminvtwn  of  the  vdoaty  of  tkt 
rotation  of  the  earth. 

This  important  conclusion  can  be  provcil  in  different  ways. 

The  attraction  of  the  sun  and  the  moon  disturbs  the  eqnir 
librium  of  the  moveable  parl^  of  the  carlh'a  surface,  so  aa  to 
move  the  waters  of  the  sea  towards  the  point  or  meridian 
above  and  below  which  the  moon  culminates.  If  the  waters 
could  move  without  resistance,  the  elevated  parts  of  the  tidal 
wave  would  exactly  coincide  with  the  moon's  meridian,  and 
nndcr  such  conditions  no  consumption  of  via  viva  could  take 
place.  In  reality,  however,  the  moving  waters  experience 
reaislancp,  in  consequence  of  which  the  flow  of  the  tidal 
wave  is  delayed,  and  high  wotcr  occurs  in  the  open  eca  on 
the  average  about  2J  hours  aflcr  the  transit  of  the  moon 
through  the  meridian  of  the  piitcc. 

The  waters  of  the  ocean  move  from  west  ond  east  towards 
the  meridian  of  the  moon,  and  the  more  elevated  wave  is,  for 
the  reason  above  stated,  always  to  the  cast  of  the  moon's  me- 
ridian ;  hence  the  sea  must  press  and  flow  more  powcrliilly 
from  east  to  west  than  from  west  to  east.  The  ebb  and  flow 
of  the  tidal  wavo  therefore  consists  not  only  in  an  allernnlo 
rising  and  falling  of  the  waters,  but  also  in  a  slow  progressiva 
motion  Irom  east  to  west.  The  tidul  wavo  produces  a  gen- 
eral western  current  in  the  ocean. 

This  current  is  opposite  in  dircclion  to  the  earth's  rota- 
tion, and  therefore  ita  friction  against  and  collision  with  tho 
bed  and  shores  of  the  ocean  must  offer  everywhere  resistance 
to  the  axial  rotation  of  the  earth,  and  diminish  the  vii  viva  of 
its  motion.  The  earth  here  plays  tlic  pari  of  a  fly-wheel. 
The  moveable  parts  of  its  surface  adlierc,  so  to  spcuk,  to  the 
relatively  fixed  moon,  and  are  dragged  in  a  direction  opposite 
to  that  of  the  earth's  rotation,  in  consequence  of  which,  ac- 
tion tabes  place  between  the  solid  and  liquid  parts  of  this  fly- 
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wheel,  reaiatance  is  overcome,  ami  the  given  rotalory  effect 
diiuluisbcd. 

Water-mills  have  been  turaeii  hy  the  action  of  the  tides ; 
the  cficcts  produced  hy  BUcb  an  arrangcmeut  arc  dislinguiebed 
in  a  remarkable  manner  from  those  ol'  n  mill  turned  by  a 
mountain-stream.  Tbe  one  obtains  the  i-t^  viva  with  wbicb 
it  works  from  the  eurtb'e  rolatioD,  tlm  other  from  the  sun's 
rftdiatiou. 

Various  causes  combine  to  incessantly  maintain,  partly  in 
an  unduIaiDry,  partly  in  a  iirogreaaivo  motion,  the  waters  of 
tbe  ocean.  Besides  the  influence  of  ibc  sun  and  tbe  moon  on 
the  rotating  earth,  mention  must  bo  made  of  tbe  influence  of 
the  movement  of  the  lower  strata  of  Ibo  atmosphere  on  ika 
surfiico  of  the  ocean,  and  of  the  diflWcnt  temperatures  of  Uio 
sea  in  various  climates ;  the  configuration  of  tbe  eborcs  and 
the  bed  of  the  ocean  likewise  exercise  a  manifold  ioflaenco  on 
the  velocity,  direction,  and  extent  of  the  oceanic  currents, 

Tbe  moti>>ns  in  our  atmosphere,  as  well  as  those  of  the 
occao,  presuppose  tho  existence  and  consumption  of  vis  viva 
to  overcome  tlio  continual  resistances,  and  to  prevent  a  state 
of  rest  or  equilibrium.  Generally  speaking,  the  power  neces- 
sary for  the  production  of  aerial  currents  may  be  of  threefold 
origin.  Either  the  radiation  of  ibe  sun,  the  beat  derived 
from  a  store  in  the  interior  of  the  earth,  or,  lastly,  the  rola- 
fory  effect  of  tho  earth  may  bo  tbe  source. 

As  far  as  quantity  is  concerned  the  sun  is  by  far  tbe  moHt 
important  of  tbe  above.  According  to  PouiUet'a  meaearc- 
nioDls,  a  square  metro  of  the  earth's  surface  receives  on  tbe 
average  4''108  units  of  heat  from  the  sun  per  miuulo.  Since 
ouu  unit  uf  beat  is  equivalent  to  3G7  Km,  it  follows  that  one 
squuro  metre  of  the  surface  of  our  globe  receives  per  minute 
an  addition  of  via  viva  equal  to  1620  Km,  or  the  whole  of  the 
earth's  surface  in  the  some  time  825,000  billions  of  Km.  A 
power  of  75  Km  per  second  is  called  a  horse-power.  Ae- 
cording  to  this,  the  effect  of  the  solar  radiation  in  mochaaicat 
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work  on  one  square  metre  of  the  earth's  surface  would  be 
equal  to  0*36,  and  the  total  effect  for  the  whole  globe  180  bil- 
lions of  horse-powers.  A  not  inconsiderable  portion  of  this 
enormous  quantity  of  vis  viva  is  consumed  in  the  production 
of  atmospheric  actions,  in  consequence  of  which  numerous 
motions  are  set  up  in  the  earth's  atmosphere. 

In  spite  of  their  great  variety,  the  atmospheric  curreiits 
may  be  reduced  to  a  single  type.  In  consequence  of  the  une* 
qual  heating  of  the  earth  in  different  degrees  of  latitude,  the 
colder  and  heavier  air  of  the  polar  regions  passes  in  an  under 
current  towards  the  equator ;  whereas  the  heated  air  of  the 
tropics  ascends  to  the  higher  parts  of  the  atmosphere,  and 
flows  from  thence  towards  the  poles.  In  this  manner  the  air 
of  each  hemisphere  performs  a  circuitous  motion. 

It  is  known  that  these  currents  are  essentially  modified  by 
the  motion  of  the  earth  on  its  axis.  The  polar  currents,  with 
their  smaller  rotatory  velocity,  receive  a  motion  from  east  to 
west  contrary  to  the  earth's  rotation,  and  the  equatorial  ciu> 
rents  one  from  west  to  east  in  advance  of  the  axial  rotation 
of  the  earth.  The  former  of  these  currents,  the  easterly 
winds,  must  diminish  tlie  rotatory  effect  of  the  globe,  the  latr 
ter,  the  westerly  winds,  must  increase  the  same  power.  The 
final  result  of  the  action  of  these  opposed  influences  is,  as  re- 
gards the  rotation  of  the  earth,  according  to  well-known  me- 
chanical principles,  «=0 ;  for  these  currents  counteract  each 
other,  and  therefore  cannot  exert  the  least  influence  on  the 
axial  rotation  of  tlie  earth.  This  important  conclusion  was 
proved  by  Laplace. 

The  same  law  holds  good  for  every  imaginable  action 
whicli  is  caused  cither  by  the  radiimt  hc4it  of  tlic  sun,  or  by 
the  heat  which  readies  llie  surface  from  the  earth's  interior, 
whether  the  action  be  in  the  air,  in  the  water,  or  on  the  land. 
The  effect  of  every  single  motion  produced  by  these  means  on 
the  rotation  of  the  globe,  is  exactly  compensated  by  the  effect 
of  another  motion  in  an  opposite  direction ;  so  that  the  results 


THE  TIDAL    WAVE.  205 

out  of  all  Uiese  motions  is,  as  Tar  as  the  axial  rotatioo  of  the 
globe  19  concerned,  ■—  0. 

In  those  actioDH  known  as  the  tides,  such  compensation, 
however,  does  not  take  pluw;  for  the  pressure  or  pull  by 
which  they  are  produced  is  always  fctrongcr  from  oast  to  wet 
1  from  west  to  east.  The  cmrontB  caused  by  this  pull 
may  ebb  and  flow  in  different  directions,  but  their  motion  pre- 
domiDatca  in  tliat  which  is  opposed  to  the  earth's  rotation. 

The  velocity  of  the  currents  caused  by  the  tide  of  the  at- 
mosphere amounts,  according  to  Laplace's  calculation,  to  not 
more  than  75  raiUimelres  in  i  second,  or  nearly  a  geop-nphi- 
obI  railo  in  twocly-four  hours ;  it  is  clear  that  much  more 
powerful  cfTccls  produced  by  tlie  sun's  heat  would  hide  lliis 
action  from  observation.  The  influence  of  these  air-currenia, 
however,  on  the  rotatory  effect  of  the  earth  ia,  according  to 
Qie  laws  of  mechanics,  cxaclly  the  same  as  it  would  be  were 
the  atmosphere  unilisturbed  l>y  the  sun's  radiant  heat. 

The  combined  motions  of  air  and  water  are  to  be  regarded 

from  the  same  point  of  view.     If  we  imagine  llic  influence 

of  the  sun  and  that  of  the  interior  of  our  globe  not  to  exist, 

e  motion  of  the  air  and  ocean  from  east  to  west  is  still  lefl 

I  an  obstacle  to  the  axial  rotation  of  the  earth. 

The  motion  of  the  waters  of  tie  ocean  from  east  to  west 

iraa  long  ago  verified  by  observation,  and  it  is  certain  that 

tho  li^es  are  the  most  effectual  of  the  causes  to  which  this 

great  westerly  current  is  to  bo  referred. 

Besides  the  tidal  wave,  the  lower  air-cnrrenla  moving  iu 
e  some  direction,  tho  trade-winds  of  tho  tropiw  especially, 
may  be  assigned  aa  eatiaes  of  this  general  movement  of  the 
rs.  The  westerly  direction  of  tlie  latter,  however,  ia  not 
eonSoed  to  the  region  of  easterly  winds ;  it  is  met  with  in  the 
region  of  perjHrtual  calms,  where  it  possesses  a  velocity  of 
MVeral  miles  a  day ;  it  is  observed  far  away  from  the  tropics 
both  north  and  south,  in  regions  where  wcBlorly  winds  pre- 
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vail,  near  the  Gape  of  Good  Hope,  the  Straits  of  Magellaii| 
the  arctic  regions,  &c. 

A  third  cause  for  the  production  of  a  general  motion  of 
translation  of  the  waters  of  the  ocean  is  the  nneqnal  heating 
of  the  sea  in  different  zones.  According  to  the  laws  of  hy- 
drostatics, the  colder  water  of  the  higher  degrees  of  latitude 
is  compelled  to  flow  towards  the  equator,  and  the  warmer 
water  of  the  tropics  towards  the  poles,  in  consequence  of 
which,  similar  moyements  are  produced  in  the  ocean  to  those 
in  the  atmosphere.  This  is  the  cause  of  the  cold  under  cur- 
rent from  the  poles  to  the  equator,  and  of  the  warm  surfaoe- 
current  from  the  equator  to  the  poles.  The  waters  of  the  lat- 
ter, by  virtue  of  the  greater  velocity  of  rotation  at  the  equa- 
tor, assume  in  their  onward  progress  a  direction  from  west  to 
ca8t.  It  is  a  striking  proof  of  the  preponderating  influence 
of  the  tidal  wave  that,  in  spite  of  this,  the  motion  of  the 
ocean  is  on  the  whole  in  an  opposite  direction. 

Theory  and  experience  thus  agree  in  the  result  that  the 
influence  of  the  moon  on  the  rotating  earth  causes  a  motion 
of  translation  from  east  to  west  in  both  atmosphere  and 
ocean.  This  motion  must  continually  diminish  the  rotatory 
effect  of  the  earth,  for  want  of  an  opposite  and  compensating 
influence. 

The  continual  pressure  of  the  tidal  wave  against  the  axial 
rotation  of  the  earth  may  also  be  deduced  from  statical  laws. 

The  gravitation  of  the  moon  aflbcts  without  exception  all 
parts  of  the  globe.  Let  the  earth  be  divided  by  the  plane  of 
the  meridian  in  which  the  moon  happens  to  be  into  two  hemi- 
spheres, one  to  the  east,  the  other  to  the  west  of  tliis  merid- 
ian. It  is  clear  that  the  moon,  by  its  attraction  of  the  cast- 
em  hemisphere,  tends  to  retard  the  motion  of  the  earth,  and 
by  its  attraction  of  the  western  hemisphere,  to  accelerate  the 
same  rotation. 

Under  certain  conditions  both  these  tendencies  compensate 
each  other,  and  then  the  action  of  the  moon  on  the  earth's 
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roluliou  Iwcoaiua  zero.  Tliis  bappcna  when  bolli  Lcinispbercs 
are  iirrnuged  in  a  certain  manner  symmetrically,  or  wlien  no 
paria  of  the  earth  can  thonge  their  relative  poaition ;  ia  iho 
latter  caac  a  sort  of  syrametry  is  produced  by  the  rotation. 

The  form  of  the  earth  deviates  from  a  perfectly  symmet- 
rical Bphere  on  account  of  the  three  following  causes : — (1) 
the  flatteniDg  of  the  poles,  (S)  the  mountains  on  the  Burface, 
and  (3)  the  tidal  wave.  The  first  two  causes  do  not  cLango 
Uio  velocity  of  the  earth's  axial  rotation.  In  order  to  com- 
prehend clearly  tite  cSect  of  the  tidal  wave,  we  shall  imagine 
the  earth  to  be  a  perfectly  symmetrical  spheris  imifomily  anr- 
rounded  by  water.  The  attraction  of  the  sun  and  tlie  moon 
disturba  the  equilibrium  of  this  mass,  and  two  flat  mountaina 
of  water  are  formed.  The  top  of  otie  of  tJiese  ia  directed 
towards  tho  inoon,  and  the  aumniit  of  the  other  ia  tumud 
away  from  it.  A  straight  line  passing  through  tho  topa  of 
theeo  two  mountains  is  called  the  major  axia  of  this  oarlh- 
spheroid. 

In  this  stato  the  earth  may  bo  imagined  to  bo  dividvd 
into  ihrco  parlfl — a  smaller  sphere,  aud  two  spliorical  aeg- 
mcnta  attached  to  the  opposili!  aidea  of  the  hitter,  and  rcpre- 
Benting  tho  elevatioas  of  tho  tidal  wave.  The  attraction  of 
Uie  moon  od  the  email  ovntral  sphere  docs  not  change  tlie  ro- 
tation, and  wo  have  theroforo  only  to  cousidcr  the  inlluorice 
of  thia  attraction  on  the  two  tidal  elevations.  Tho  upper  elo- 
valion  or  mountain,  tho  one  nearest  the  moon,  ia  altract«d 
lowarde  tho  west  bccaiiac  its  raaas  is  principally  situatt^td  to  tho 
cost  of  tlie  moon,  and  the  opposite  mountain,  which  is  lo  the 
west  of  the  moon,  is  attracted  towards  the  east.  The  upper 
tidal  elevation  is  not  only  more  powerfully  attracted  because 
it  is  nearer  to  the  moon,  but  also  because  the  angle  tmdor 
wliieh  it  is  pulled  aside  is  more  favourable  for  lateral  deflec- 
tion than  in  tho  case  of  the  opposite  protuberance.  The  pres- 
sure from  east  to  west  of  the  upper  elevation  prepouderatci 
therefore  over  the  pressure  from  west  to  cost  of  the  opposiln 
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mountain ;  according  to  calculation,  these  quantities  stand  t4 
each  other  nearly  as  14  to  13.  From  the  relative  position  of 
these  two  tidal  protuberances  and  the  moon,  or  the  unchangc* 
able  position  of  the  major  axis  of  the  earth-spheroid  towards 
the  centre  of  gravity  of  the  moon,  a  pressure  results,  which 
preponderates  from  cast  to  west,  and  offers  an  obstacle  to  the 
earth's  rotation. 

K  gravitation  were  to  be  compared  with  magnetic  attrac- 
tion, the  earth  might  be  considered  to  be  a  large  magnet,  one 
pole  of  which,  being  more  powerfully  attracted,  would  repre- 
sent the  upper,  and  the  other  pole  the  lower  tidal  elevation. 
As  the  upper  tidal  wave  tends  to  move  towards  the  moon,  the 
earth  would  act  like  a  galvanometer,  whose  needle  has  been 
deflected  from  the  magnetic  meridian,  and  which,  while  tend- 
ing to  return  thereto,  exerts  a  constant  lateral  pressure. 

The  foregoing  discussion  may  suffice  to  demonstrate  the 
influence  of  tlm  moon  on  the  earth's  rotation.  The  retarding 
pressure  of  tlie  tidal  wave  may  quantitatively  be  determined 
in  the  same  manner  as  that  employed  in  computing  the  pre- 
cos.sion  of  the  equinoxes  and  the  nutation  of  the  earth's  axis. 
The  varied  distribution  of  land  and  water,  the  unequal  and 
unkno\\Ti  depth  of  the  ocean,  and  the  as  yet  imperfectly  ascer- 
tained mean  difference  between  the  time  of  the  moon's  cul- 
mination and  that  of  high  water  in  the  open  sea,  enter,  how- 
ever, as  elements  into  such  a  calculation,  and  render  the  de- 
sired result  an  uncertain  quantity. 

In  the  mean  time  this  retarding  pressure,  if  imagined  to 
act  at  the  equator,  cannot  be  assumed  to  be  less  than  1000 
millions  of  kilogrammes.  In  order  to  start  with  a  definite 
conception,  we  may  be  allowed  to  use  this  round  number  as  a 
basis  for  the  following  calculations. 

The  rotatory  velocity  of  the  earth  at  the  equator  is  404 
metres,  and  the  consumption  of  mechanical  work,  therefore, 
for  the  maintenance  of  the  tides  404,000  millions  of  Km,  or 
600C  miUions  of  horse-powers  per  second.     The  efl'eet  of  the 
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lides  may  conaequoDtly  bo  estimiitod  at  ^^Hi  of  the  effect  re- 
ceived hj  the  earth  from  the  sua. 

The  rotatorj  effect  which  the  earth  at  preacnt  pOBscsees, 
may  be  calculated  from  its  masit,  volume,  and  veloclly  of  rota- 
tion. The  Tolume  of  the  earth  is  2,650,686,000  cubic  miles, 
aud  its  specific  gravity,  according  to  Beicb,  >—  5'44,  If,  for 
tho  sake  of  simplicity,  we  assume  the  density  of  the  earth  to 
be  nniform  throughout  its  moss,  we  obtain  from  the  above 
pronuscs,  and  the  known  velocity  of  rotation,  25,840  quadril- 
liona  of  kilogrammelres  as  the  rotatory  effect  of  the  earth. 
If,  daring  every  eceond  in  2500  years,  464,000  millions  of 
Km  of  this  effect  were  consumed  by  the  ebb  and  flow  of  the 
lidal  wave,  it  would  suffer  a  diminution  of  36,600  trillions  of 
Km,  or  abont  niuKn'''  '>^  '^  quantity.  ' 

The  velocities  of  rotatioD  of  n  sphere  stand  to  each  other 
in  the  same  ratio  as  the  square  roots  of  the  rotatory  effects, 
when  the  volume  of  the  sphere  remains  eonstont.  From  this 
it  follows  that,  in  the  assumed  time  of  3500  yearn,  the  length 
of  a  day  has  increased  i,Hi>>^th ;  or  if  a  day  I>e  talcen  etgnul 
to  86,400  seconds,  it  has  lengthened  j,tEi  of  a  second,  if  the 
volume  of  the  earth  has  not  changed.  Whether  this  snpposi- 
lion  be  correct  or  not,  depends  on  tlic  temperature  of  our 
planet,  and  will  be  discussed  in  the  next  chapter. 

The  tides  also  react  on  the  motion  of  the  moon.  TIio 
stronger  attraction  of  the  elevation  nearest  to,  and  to  the  cnst 
of  the  moon,  increases  with  tlie  tangential  velocity  of  our  sat- 
ellite ;  the  mean  distance  of  tlie  earth  and  the  moon,  and  the 
time  of  revolution  of  the  latter,  aro  consequently  nngmeoted. 
The  effect  of  this  action,  however,  is  insignificant,  and,  ac- 
cording to  calculation,  docs  not  amount  to  more  than  a  frac- 
tion of  a  second  in  the  coarse  of  centuries. 
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Till.— THE   EARTH'S   INTERIOR   HEAT. 

WrmonT  doubt  there  was  once  a  time  when  our  globe 
had  not  assumed  its  present  magnitude.  According  to  tfiis, 
bj  aid  of  this  simple  assumption,  the  origin  of  our  phinet  xnaj 
be  reduced  to  the  union  of  once  separated  masses. 

To  the  mechanical  combinations  of  masses  of  the  second 
order,  with  masses  of  the  second  and  third  order,  &c.,  the 
same  laws  as  those  enunciated  for  the  sun  apply.  The  collis- 
ion of  such  masses  must  always  generate  an  amount  of  heat 
proportional  to  the  squares  of  their  velocities,  or  to  their  me- 
chanical effect. 

Although  we  are  not  in  a  position  to  affirm  anything  cer- 
tain respecting  the  primordial  conditions  under  which  the 
oonstituent  parts  of  the  earth  existed,  it  is  nevertheless  of  the 
greatest  interest  to  estimate  the  quantities  of  heat  generated  by 
the  collision  and  combination  of  these  parts  by  a  standard 
based  on  the  simplest  assumptions. 

Accordingly  we  shall  consider  for  the  present  the  earth  to 
have  been  formed  by  the  union  of  two  parts,  which  obtained 
their  relative  motions  by  their  mutual  attraction  only.  Let 
the  whole  mass  of  the  present  earth,  expressed  in  kilo- 
grammes, be  T,  and  the  masses  of  the  two  portions  T— a;  and 
X.  The  ratio  of  these  two  quantities  may  be  imagined  to 
assume  various  values.  The  two  extreme  cases  are,  when  x 
is  considered  infinitely  small  in  comparison  with  T,  and  when 
X  =  T—  a;  ■=  i  T.  These  form  the  limits  of  all  imaginable 
ratios  of  the  parts  T— a;  and  x,  and  will  now  be  more  closely 
examined. 

Terrestrial  hciglits  are  of  course  excluded  from  the  fol- 
lowing consideration.  In  the  first  place,  let  ar,  in  comparison 
with  T  — «,  be  infinitely  small.  The  finul  velocity  with 
which  X  arrives  on  the  surface  of  the  large  mass,  after  having 
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passed  throngli  a  great  space  in  a  atraiglit  lino,  or  al^r  pro- 
VJDUS  ccutral  motion  round  it,  ia,  according  to  the  lawa  dovel- 
o))cd  in  relation  to  tlie  eun  in  Cliaptcr  HI.,  confined  within 
thi!  limits  of  790S  and  11,183  melrcs.  The  hi:ut  generated 
by  tliis  process  may  amount  to  from  8S85X3:to  17,370X3e 
unite,  according  to  tho  value  of  the  major  a:xia  of  the  orbit 
of  X,  This  heat,  however,  vanishes  by  its  distribution  through 
tlic  greater  mass,  because  x  is,  according  to  supposition,  infi- 
nitely small  in  comparison  with  T. 

The  quantity  of  heat  generated  increases  with  x,  and 
amounts  in  the  second  case,  when  a  =-  ^  T,  to  from  6000  X  T 
lo  8685  xT  unite. 

If  we  assume  the  earth  to  possess  a  very  great  capacity 
for  heal,  equal  in  fact  lo  that  of  its  volmne  of  water,  winch 
wlien  calculated  for  equal  weights  ^  O'lSi,  the  aliovo  discus- 
sion leads  to  the  conclusion  that  the  didbrence  of  temperature 
of  tlio  constituent  parts,  and  of  tlie  earth  after  tlieir  union,  or, 
in  other  words,  tho  heat  generated  by  the  collision  of  these 
ports,  may  range,  according  lo  their  relative  magnitude,  from 
0'  to  32,000%  or  even  to  47,000°  ! 

With  tlic  nomber  of  parts  which  thus  mechanically  com 
bine,  the  quantity  of  heat  developed  increases.  Far  greatei 
still  would  have  been  tho  generation  of  heat  if  the  constituent 
purls  had  moved  in  separate  orbits  round  (he  sun  before  their 
union,  and  hotl  accidentally  approached  and  mot  eacJi  other. 
For  various  reasons,  however,  tliis  latter  supposition  is  not 
very  probable. 

Several  facts  indicate  that  our  earth  was  once  a  fiery 
liquid  mass,  which  has  since  cooled  gradually,  down  to  a  com- 
paratively inconsiderable  depth  &om  the  surface,  to  its  pres- 
ent temperature.  The  first  proof  of  this  is  the  form  of  the 
earth.  "  Tho  form  of  (iio  earth  ia  its  histoiy."  According 
to  the  most  corcAtl  meosnrcments,  tho  fiattening  at  the  poles 
is  exaclly  sucli  ns  a  liquid  mass  rotating  on  ita  axis  witli  the 
velocity  of  tho  earth  would  possess ;  fi-om  this  we  may  con- 
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elude  that  the  earth  at  the  time  it  received  its  rotatoiy  motion 
was  in  a  liquid  state ;  and,  after  much  controyersj,  it  maj  be 
considered  as  settled  that  this  liquid  condition  was  not  that  of 
an  aqueous  solution,  but  of  a  mass  melted  by  a  high  tempen^ 
ture. 

The  temperature  of  the  crust  of  the  globe  likewise  fiir- 
nishes  proof  of  the  existence  of  a  store  of  heat  in  its  interior. 
Many  exact  experiments  and  measurements  show  that  the 
temperature  of  the  earth  increases  with  the  depth  to  which 
we  penetrate.  In  boring  the  artesian  woU  at  Crenelle,  which 
is  546  metres  deep,  it  was  observed  that  the  temperature  aug- 
mented at  the  rate  of  1°  for  every  30  metres.  The  same  re- 
sult was  obtained  by  observations  in  the  artesian  well  at  Mon- 
dorf  in  Luxembourg :  this  well  is  671  metres  in  depth,  and 
its  water  34°  warm. 

Thermal  springs  furnish  a  striking  proof  of  the  high  tem- 
perature existing  in  the  interior  of  the  earth.  Scientific  men 
arc  agreed  that  the  aqueous  deposits  from  the  atmosphere, 
rain,  hail,  dew,  and  snow,  are  the  sole  causes  of  the  forma- 
tion of  springs.  The  water  obeying  the  laws  of  gravity,  per- 
colates through  the  earth  wherever  it  can,  and  reappears  at 
the  surface  in  places  of  a  lower  situation.  When  water  sinks 
to  considerable  depths  through  vertical  crevices  in  the  rocks, 
it  acquires  the  temperature  of  the  surrounding  strata,  and 
returns  as  a  thermal  spring  to  the  surface. 

Such  waters  are  frequently  distinguished  from  the  water 
of  ordinary  springs  merely  by  their  possessing  a  higher  tem- 
perature. If,  however,  the  water  in  its  course  meets  with 
mineral  or  organic  substances  which  it  can  dissolve  and  re- 
tain, it  then  reappears  as  a  mineral  spring.  Examples  of 
Buch  are  met  with  at  Aachen,  Carlsbad,  &c. 

In  a  far  more  decided  manner  than  by  the  higli  tempera- 
ture of  the  water  of  certain  springs,  the  interior  heat  of  our 
globe  is  made  manifest  by  those  fiery  fluid  masses  which 
sometimes  rise  from  considerable  depths.     The  temperature 
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»f  tie  earlh'B  croBt  increases  at  tlio  rule  of  1°  for  every  30 
njetrus  we  doscond  from  tlie  siirfaco  loivaiik  the  eenlre.  Al- 
though it  is  incredxhlo  that  this  uugnieatiilion  can  continue  ot 
tlie  Bitme  rate  till  the  eentrc  be  reached,  no  may  novorlhiiless 
asHiimo  with  certainty  that  it  docs  couliuua  to  a  considerable 
depth,  Calculation  based  on  tlita  assumption  shows  that  at 
a  depth  of  a  few  miles  a  temperature  must  exist  auflicienlly 
[lowcrfal  to  fiiee  most  snhstances.  Such  moltpu  masses  pene- 
trate the  cold  crust  of  the  globe  in  many  places,  and  make 
their  appearance  as  lava. 

A  distinguished  scientifie  man  has  lately  oxpresacd  him- 
Bulf  on  the  origin  of  the  interior  heat  of  the  earth  as  follows  : 
— "  No  one  of  course  can  explain  the  final  causes  of  tilings. 
This  much,  however,  is  clear  to  every  thinking  man,  that 
there  is  just  as  much  reason  that  a  body,  like  the  earth,  for 
example,  should  bo  warm,  warmer  than  ice  or  human  hlooi], 

there  is  that  it  should  be  cold  or  colder  than  the  latter.  A 
particular  cause  for  this  absolute  heat  is  as  little  necessary  as 

ause  for  motion  or  rest.  Change — that  is  to  say,  transi- 
tion from  one  state  of  things  to  another — alone  requires  and 
admits  of  explanation." 

It  is  evident  that  this  reflection  is  not  fitted  to  suppress  the 
desire  for  an  explanation  of  the  phenomenon  in  qnestion.  As 
all  matter  has  the  tendency  to  assume  the  same  temperature 
as  that  possessed  by  the  substances  by  which  it  happens  to  be 
Burroundcd,  and  to  remain  in  a  quicsccDt  state  as  soon  as 
equilibrium  has  been  established,  wo  must  conclude  that, 
whenever  wo  meet  with  a  body  warmer  than  its  neighbours, 
Bueh  body  must  have  received  at  a  (relatively  speaking)  not 
far  distant  time,  a  certain  degree  of  heat, — a  process  which 
Certainly  allows  of,  and  requires  explanation. 

Newton's  theory  of  gravitation,  wliilst.it  enables  ua  to  de- 

ri»ine,  from  ils  present  form,  the  earth's  stale  of  aggrega- 
tion in  ages  post,  at  the  same  time  points  out  to  ns  a  source 
of  heal  powerful  enough  to  produce  such  a  state  of  oggrega- 
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lion,  powerAil  enough  to  melt  worlds ;  it  teaches  us  to  con* 
sider  the  molten  state  of  a  planet  as  the  result  of  the  meduuH 
ical  union  of  cosmical  masses,  and  thus  derive  the  radiation 
of  the  sun  and  the  heat  in  the  bowels  of  the  earth  from  a 
common  origin. 

The  rotatory  effect  of  the  earth  also  maj  be  readily  ex- 
plained by  the  collision  of  its  constituent  parts ;  and  we  must 
accordingly  subtract  the  via  viva  of  the  axial  rotation  from 
the  whole  effect  of  the  collision  and  mechanical  combination, 
in  order  to  obtain  the  quantity  of  heat  generated.  The  rota- 
tory effect,  however,  is  only  a  small  quantity  in  comparison 
with  the  interior  heat  of  the  earth.  It  amounts  to  about 
4400  xT  kUogrammetres,  T  being  the  weight  of  the  earth  in 
kilogrammes,  which  is  equivalent  to  12  xT  units  of  heat,  if 
wo  assume  the  density  of  the  earth  to  be  uniform  throughout* 

If  wo  imagine  the  moon  in  Uic  course  of  time,  either  in 
consequence  of  the  action  of  a  resisting  mcdiimi  or  from 
some  other  cause,  to  unite  herself  wiUi  our  earth,  two  princi- 
pal effects  are  to  be  discerned.  A  result  of  the  collision 
would  be,  that  the  whole  mass  of  the  moon  and  the  cold  crust 
of  the  earth  would  be  raised  some  thousands  of  degrees  in 
temperature,  and  consequently  the  surface  of  the  earth  would 
bo  converted  into  a  fiery  ocean.  At  the  same  time  the  velo- 
city of  the  earth's  axial  rotation  would  be  somewhat  acceler- 
ated, and  the  position  of  its  axis  with  regard  to  the  heavens, 
and  to  its  own  surface,  slightly  altered.  If  the  earth  had 
been  a  cold  body  without  axial  rotation,  the  process  of  its 
combining  with  the  moon  would  have  imparted  to  it  both 
heat  and  rotation. 

It  is  probable  that  such  processes  of  combination  between 
different  parts  of  our  globe  may  have  repeatedly  happened 
before  the  earth  attained  its  present  magnitude,  and  that  lux- 
uriant vegetation  may  have  at  different  times  been  buried  un- 
der thn  fiery  debris  resulting  from  the  confliet  of  these  masseSi 
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Aa  long  as  iLe  Burfaoe  of  our  globe  was  in  an  incandt* 
ccqL  slate,  it  must  have  lost  heat  at  a  rery  rapid  rate  ;  grad' 
naliy  tliis  prtrecss  became  slower  ;  and  although  it  Laa  not  yet 
entirely  ceaacd,  the  rate  ot'  [pooling  must  have  diminished  to  a 
comparativoly  small  mngnituJe. 

Two  phenomena  are  caused  by  the  coolmg  of  the  earth, 
wliich,  on  account  of  their  common  origin,  are  intimately  re- 
lated. The  decrease  of  temperature,  and  cotscquent  contrac- 
tion of  the  eartli's  crust,  must  have  caused  frequent  dietur- 
bances  and  revolutions  ou  its  surface,  accompanied  by  the 
ejection  of  molten  magses  and  the  formation  of  protuberances ; 
on  the  other  hand,  according  to  the  laws  of  mechanics,  the 
Teloci^  of  rotation  must  have  increased  with  the  diminution 
of  the  volume  of  the  sphere,  or,  in  other  words,  the  cooling 
of  the  earth  must  have  sliorteacd  tlie  length  of  the  day. 

As  the  intensity  of  such  disturbances  and  the  velocity  of 
rotation  are  closely  connected,  it  is  clear  tliat  the  youth  of  our 
planet  must  have  been  distinguished  by  contimml  violent 
transformations  of  its  crust,  and  a  percopllble  acceleration  of 
the  velocity  of  ils  axial  rotation ;  whilst  in  the  present  time 
the  metamorphoses  of  its  surface  are  much  slower,  and  the 
acceleration  of  its  axial  revolution  diminished  to  a  very  small 
amonnt. 

If  we  imagine  the  times  when  the  Alps,  the  chain  of  llie 
Andes,  and  the  Peak  of  Tcncriffe  were  upheaved  from  the 
deep,  and  compare  with  fuch  clmngus  the  earthquakes  and 
volcanic  eruptions  of  historic  times,  we  perceive  in  tlnse 
modem  transformations  but  weak  images  of  the  analogous 
processes  of  bygone  ages. 

"Whilst  we  are  surrounded  on  every  side  by  tlio  monu- 
ments of  violent  volcanic  convulsions,  we  possess  no  record 
of  the  velocity  of  the  axial  rotation  of  our  planet  in  antcdi> 
tan  times.  It  is  of  tlie  greatest  importance  ihal  ne  should 
,  lave  an  exact  knowledge  of  a  change  in  this  velocity,  or  in 
the  length  of  the  day  during  historic  times.     The  investJEa 
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tion  of  this  sabjeci  by  the  great  Laplace  fonns  a  briglit 
Qment  in  the  department  of  exact  scienoe. 

These  calcnlationfl  are  essentially  conducted  in  the  Allow- 
ing manner : — In  the  first  place,  the  time  between  two  eclipeea 
of  the  snn,  widely  apart  from  each  other,  is  as  accorBtely 
as  possible  expressed  in  days,  and  from  this  the  ratio  of  the 
time  of  the  earth's  rotation  to  the  mean  time  of  the  moon'a 
revolution  determined.    If,  now,  the  obserrations  of  ancient 
astronomers  be  compared  with  those  of  our  present  time,  the 
least  alteration  in  the  absolute  length  of  a  day  may  be  de-> 
tected  by  a  change  in  this  ratio,  or  in  a  disturbance  in  the 
lunar  revolution.     The  most  perfect  agreement  of  ancient  rec- 
ords on  the  movements  of  the  moon  and  the  planets,  on  the 
eclipses  of  the  sun,  &c.,  revealed  to  Laplace  the  remarkable 
fact  that  in  the  course  of  25  centuries,  the  time  in  which  our 
earth  revolves  on  its  axis  has  not  altered  g^th  part  of  a  sexa- 
gesimal second ;  and  the  length  of  a  day  therefore  may  be 
considered  to  have  been  constant  during  historic  times. 

Til  is  result,  as  important  as  it  was  convenient  for  astron- 
omy, was  nevertheless  of  a  nature  to  create  some  difficulties 
for  the  physicist.  With  apparently  good  reason  it  was  con- 
cluded that,  if  the  velocity  of  rotation  had  remained  constant, 
the  volume  of  the  earth  could  have  undergone  no  change. 
The  earth  completes  one  revolution  on  its  axis  in  86,400  si- 
dereal seconds ;  it  consequently  appears,  if  this  time  has  not 
altered  during  2500  years  to  the  extent  of  g^o^h  of  a  second, 
or  43^M;;;;;;i,tli  part  of  a  day,  that  during  this  long  space  of  time 
the  radius  of  the  earth  also  cannot  have  altered  more  than 
this  fraction  of  its  length.  The  earth's  radius  measures 
0,309,800  metres,  and  tlicref(»re  its  length  ought  not  to  have 
(liininished  more  than  15  centimetres  in  25  ccntiu-ies. 

The  diminution  in  volume,  as  a  result  of  the  cooling-pro- 
cess, is,  however,  closely  connected  witli  the  changes  on  the 
earth's  surface.  When  we  consider  that  scarcely  a  day 
passes  without  the  occurrence  of  an  earthquake  or  shock  in 


THE   earth's   INTEIUOK    HEAT.  307 

one  place  or  anotlier,  and  that  of  the  300  active  volcanoa 
Bonic  are  always  in  aoliou,  it  wuuld  appear  that  such  a  lirely 
reaction  of  iho  interior  of  the  carlli  against  the  trust  is  in- 
compatible witU  the  constancy  of  its  rolume. 

Thia  apparent  discrepancy  between  Cordier's  tlieory  of  the 
connexion  between  the  cooling  of  the  earth  and  tlio  rcaclion 
of  the  interior  on  the  exterior  parts,  and  J^place'e  calcula- 
tion showing  the  constjincy  of  the  length  of  the  day,  a  calcu- 
lation which  is  nndoubtedly  correct,  has  induced  most  scien- 
tific men  to  abandon  Cordier's  theory,  and  thus  to  deprive 
themselves  of  any  tenable  osplanation  of  volcanic  activity. 

The  continued  cooling  of  the  earth  cannot  be  denied,  for 
it  lakes  place  according  to  the  laws  of  nature  ;  in  this  respect 
the  earth  cannot  comport  itself  differenlly  from  any  other 
mass,  however  small  it  may  be.  In  spite  of  the  heat  wliicli 
reci'ivca  from  the  sun,  the  earth  will  have  a  tendency  to 
cool  80  long  as  the  temperature  of  its  interior  is  higher  thnu 
the  mean  temperature  of  its  surface.  Between  tlie  tropics  the 
mean  temperature  produced  by  the  sun  is  about  28",  and  Ihe 
BUn  therefore  is  ua  little  able  to  stop  the  cooling-tendency  of 
tbe  earth  as  the  moderate  warmth  of  the  air  can  prevent  the 
cooling  of  a  red-tot  ball  suspended  in  a  room. 

Many  phenomena,  for  instance  tlie  melting  of  the  glaciers 
near  the  bed  on  which  they  rest,  show  the  uninterrupted 
enmsion  of  heat  from  the  interior  towarda  the  exterior  of  the 
earth ;  and  the  question  is,  Hna  the  earth  in  25  centuries 

i   actually  lost  no  more  heat  than  that  which  is  reqiusile  to 

I  shorten  a  radius  of  more  than  6  millions  of  metres  only  13 

I  centimetres? 

In  iinawering  thia  queslion,  three  points  enter  into  our 

enlculalion; — (1)  the  absolute  amount  of  heat  lost  by  the 

earth  in  a  certain  time,  say  one  day ;  (2)  the  earth's  capacity 

r  heal ;  aud  (3)  the  coclfidcnt  of  eKponaion  of  the  muss  of 

\  the  earth. 

Aa  none  of  these  quautitioa  can  be  delermuied  by  lUrocI 
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measorements,  we  arc  obliged  to  content  ourselves  with  prob- 
able estimates ;  these  estimates  will  carry  the  more  weight 
the  less  they  are  formed  in  favour  of  some  preconceived  opin- 
ion. 

Considering  what  is  known  about  the  expansion  and  con* 
traction  of  solids  and  liquids  by  heat  and  cold,  we  arrive  al 
the  conclusion  that  for  a  diminution  of  1°  in  temperature^ 
the  linear  contraction  of  the  earth  cannot  well  be  less  than 
ioojoooth  part,  a  number  which  we  all  the  more  readily  adopt 
because  it  has  been  used  by  Laplace,  Arago,  and  others. 

If  we  compare  the  capacity  for  heat  of  all  solid  and  liquid 
bodies  which  have  been  examined,  we  find  that,  both  as  re- 
gards voliune  and  weight,  the  capacity  of  water  is  the  great- 
est. Even  the  gases  come  under  this  rule ;  hydrogen,  how- 
ever, forms  an  exception,  it  having  the  greatest  capacity  for 
heat  of  all  bodies  when  compared  with  an  equal  weight  of 
water.  In  order  not  to  take  the  capacity  for  heat  of  the  mas8 
of  the  earth  too  small,  we  shall  consider  it  to  be  equal  to  that 
of  its  volume  of  water,  which,  when  calculated  for  equal 
weights,  amounts  to  0'184.* 

If  we  accept  Laplace's  result,  that  the  length  of  a  day  has 
remained  constant  during  the  last  2500  years,  and  conclude 

*  The  capacity  for  heat,  as  well  as  the  coefficient  of  expansion  of  mat- 
ter, as  a  rule,  increases  at  higher  temperatures.  As,  howcYcr,  these  two 
quantities  act  in  opposite  ways  in  our  calculations,  we  may  be  allowed  to 
dispense  with  the  influence  which  the  high  temperature  of  the  interior  of 
the  earth  must  exercise  on  these  numbers.  Even  if,  in  consequence  of 
the  high  temperature  of  the  interior,  the  earth^s  mass  could  hare  a  capa- 
city two  or  three  times  as  great  as  that  which  it  has  from  0**  to  100",  it 
is  to  be  considered,  on  the  other  hand,  that  the  coefficient  of  expansion, 
Tr)^'ffff5»  o^^y  holds  good  for  solids,  and  is  even  email  for  them,  whilst  in 
the  case  of  liquids  we  have  to  assume  a  much  greater  coefficient :  for  mer- 
cury between  0**  and  100°,  it  is  about  six  times  as  groat  Especially  great 
is  the  contraction  and  expansion  of  bodies  when  they  cliange  their  state 
of  aggregation ;  and  this  should  be  taken  into  account  when  considering 
the  formation  of  the  earth's  crust. 
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tliat  the  earth's  radins  has  not  <]imimahed  1}  decimctro  in 
consc<inence,  of  cooling,  wc  are  obliged  to  assume,  according 
to  the  premises  staled,  that  the  mean  temiieralure  of  our 
plsQet  cannot  have  ilocreased  iii"  in  tlic  same  period  of  lime. 
The  volume  of  the  carlh  amounts  to  2G50  railiions  of  cu- 
bic miles.  A  loss  of  heat  sufficient  to  cool  Ihw  mass  jj," 
would  be  equal  lo  the  heat  given  off  when  the  temperature 
of  6,150,000  cubic  niilea  of  water  decreases  1° ;  hence  the 
loss  for  one  day  would  be  equal  to  G'74  cubic  miles  of  heat. 

Fourier  has  investigated  the  loss  of  beat  sustained  bj  the 
earth.  Taking  the  observation  that  the  temperature  of  tha 
earth  increases  at  the  rate  of  1°  for  every  30  metres  as  the 
basis  of  his  calculations,  this  celebrated  mathematician  finds 
the  heat  which  the  globe  loses  by  conduction  through  its  crust 
b  the  space  of  100  joars  to  bo  capable  of  melting  a  layer  of 
I  ice  3  metres  in  thickness  aod  covering  the  whole  surface  of 
a  globe  ;  this  corresponds  in  one  day  to  7-7  cubic  miles  of 
at,  and  in  2500  years  to  a  decrease  of  17  centimetres  in 
■-the  length  of  the  radius. 

According  to  this,  the  cooling  of  the  globe  would  be  sitffi- 
acntly  great  to  require  attention  when  the  earth's  velocity  of 
I  rotation  is  coiiffldered. 

At  Uie  same  time  it  is  clear  that  the  method  employed  by 
'  Fouritr  can  only  bring  to  our  knowledge  one  part  of  the  heat 
\  iriiich  ia  annually  lost  by  the  earth ;  for  simple  conduction 
!  through  (erra  Jlrma  is  not  the  only  way  by  which  heat  escapes 

In  the  first  place,  we  may  make  mention  of  the  aqueous 

t  deposits  of  our  atmosphere,  which,  as  far  us  they  penetrate 

DOT  cartb,  wash  away,  so  to  speak,  a  portion  of  the  heat,  and 

I  thus  accelerate  the  cooling  of  tlio  globe.     The  whole  quantity 

I  of  water  which  falls  &om  the  atmosphere  upon  the  land  in 

One  day,  however,  cannot  bo  asanmed  to  be  much  more  than 

half  a  cubic  mile  in  volume,  hence  tlie  cooling  effect  produced 

[^  lltia  water  may  be  neglected  in  our  calculation.     The  heal 
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carried  off  bj  all  the  thermal  springs  in  the  world  is  yery 
small  in  comparison  with  the  quantities  which  we  have  to 
consider  here. 

Much  more  important  is  the  effect  produced  bj  active  vol- 
canos.  As  the  heat  which  accompanies  the  molten  matter  to 
the  surface  is  derived  from  the  store  in  the  interior  of  the 
earth,  their  action  must  influence  considerably  the  diminution 
of  the  earth's  heat.  And  we  have  not  only  to  consider  here 
actual  eruptions  which  take  place  in  succession  or  simolta- 
neoiLsly  at  different  parts  of  the  earth's  surface,  but  also  vol- 
canos  in  a  quiescent  state,  which  continually  radiate  largo 
quantities  of  heat  abstracted  from  the  interior  of  the  globe. 
If  we  compare  the  earth  to  an  animal  body,  we  may  regard 
each  volcano  as  a  place  where  the  epidermis  has  been  torn 
off,  leaving  the  interior  exposed,  and  thus  opening  a  door  for 
the  escape  of  heat. 

Of  the  whole  of  the  heat  which  passes  away  through 
these  nimicrous  outlets,  too  low  an  estimate  must  not  be 
made.  To  have  some  basis  for  tlie  estimation  of  this  loss, 
we  have  to  recollect  that  in  1783  Skaptar-Jokul,  a  volcano  in 
Iceland,  emitted  sufficient  lava  in  the  space  of  six  weeks  to 
cover  CO  square  miles  of  country  to  an  average  depth  of  200 
metres,  or,  in  other  words,  about  IJ  cubic  miles  of  lava. 
The  amount  of  heat  lost  by  this  one  eruption  of  one  volcano 
must,  when  the  high  temperature  of  the  lava  is  considered, 
be  estimated  to  be  more  than  1000  cubic  miles  of  heat ;  and 
the  whole  loss  resulting  from  the  action  of  all  the  volcanos 
amounts,  therefore,  in  ail  probability,  to  thousands  of  cubic 
miles  of  heat  per  annum.  This  latter  number,  when  added 
to  Fourier's  result,  produces  a  sum  which  evidently  does  not 
agree  with  the  assumption  that  the  volume  of  our  earth  has 
remained  unclianged. 

In  the  investigation  of  the  cooling  of  our  globe,  the  influ- 
ence of  the  water  of  the  ocean  has  to  be  taken  into  account. 
Fourier's  calculations  are  based  on  the  ohftfTvations  of  tlie  in« 
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crease  of  tlie  temperatiire  of  Ihe  Croat  of  our  carlh,  from  tlia 
Burlhco  tonmnls  tho  centre.  But  two-thirds  of  the  flurfBcc  of 
our  globe  are  covered  witli  water,  and  we  eanoot  nasume  d 
priori  that  thia  large  area  loses  heat  at  Ihe  some  rate  as  Ihe 
solid  parta :  on  ihe  contrary,  various  circumslaticea  tadicale 
that  the  cooliog  of  our  globe  proceeds  more  quickly  through 
the  waters  of  the  octian  rt-stiag  oa  it  llian  from  tho  solid  parts 
merely  in  contact  with  tho  atmosphere. 

la  the  flrst  place,  wo  have  to  remark  tliat  the  bottom  of 
the  oeeau  is,  generally  speaking,  nearer  to  the  store  of  heal 
in  tlio  interior  of  the  earth  than  tlie  dry  land  is,  and  hence 
that  Ihe  temperature  iocreaBes  most  probably  in  a  greater 
ratio  from  the  bottom  of  the  sea  towards  the  interior  of  the 
globe,  than  it  does  in  our  observations  on  the  land.  Sec- 
ondly, we  have  tx)  consider  that  tho  whole  bottom  of  the  sea 
is  covered  by  a  layer  of  ice-cold  water,  which  moves  con- 
stantly from  the  poles  to  the  equator,  and  which,  in  its  piis- 
■age  over  sand-banks,  causes,  as  Humboldt  aptly  remarks, 
tho  low  tempcratnrca  which  are  generally  observed  in  shallow 
places.  That  tho  water  near  tho  bottom  of  the  sea,  on  ac- 
count of  its  groat  specific  heat  and  its  low  temperature,  la 
lieLler  fitted  than  the  atmosphere  to  withdraw  the  heat  from 
tho  earth,  is  a  point  which  requires  no  further  discussion. 

We  have  plenty  of  observations  wluch  prove  that  tho 
earth  suffers  a  great  loss  of  heat  through  the  waters  of  the 
ocean.  Many  investigations  havB  demonstrated  the  existence 
of  a  large  expanse  of  sea,  much  visited  by  whalers,  situated 
between  Iceland,  Greenland,  Norway,  and  Spitebergen,  and 
extending  from  lal.  76'  to  80'  N.,  and  from  long.  15'  E.  to 
15'  W.  of  Greenwich,  where  tlie  temperature  was  observed 
to  bo  higher  in  tho  deeper  water  than  near  the  surface — an 
expericoce  which  neither  ticcords  witli  the  general  rale,  nor 
,  agrees  with  tlie  laws  of  hydrostatics.  Franklin  observed,  in 
h  kt.  T?"*  N.  and  long.  12°  E.,  that  the  temperature  of  the  sea 
.r  the  surface  was  — }",  and  at  a  doptlk  of  700  fatJioms 
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+6'.  Fiaber,  in  lat.  80°  N.  and  lotig.  11°  G.,  noticed  tliat 
the  surface-water  had  a  temperature  of  0°,  whilst  at  a  deplli 
of  140  fathoms  it  etood  at+8'. 

Ab  Bea-water,  unlike  pure  water,  does  not  possess  a  point 
of  greatest  density  at  some  distance  above  the  freezing-point, 
and  as  the  water  in  lat.  60°  N.  is  found  at  some  depth  to  be 
wanner  than  water  at  the  same  depth  10°  southward,  we  can 
only  explain  this  remarkable  phenomenon  of  an  ii 
tomperatnre  with  an  increase  of  depth  by  the  e 
source  of  heat  at  the  bottom  of  the  sea.  The  heat,  however, 
which  is  required  to  warm  the  water  at  the  bottom  of  an  ex- 
panse of  ocean  more  than  1000  square  miles  in  extent  to  a 
sensible  degree,  most  amount,  according  to  the  lowest  esti- 
mate, to  some  cubic  miles  of  heat  a  day. 

The  same  phenomenon  has  been  obBcrvcd  in  other  parts 
of  the  world,  such  as  the  west  coast  of  Australia,  the  Adri- 
atic, the  Lago  Mag^ore,  &c.  Eiipccial  mention  should  here 
be  mode  of  an  observation  by  Homer,  according  to  whom  the 
lead,  when  hauled  up  from  a  depth  varying  from  80  to  100 
fathoms  in  the  mighty  Gulf-slrcam  off  the  coast  of  America, 
used  to  be  hotter  than  boiling  water. 

The  facts  above  mentioned,  and  some  others  which  might 
be  added,  clearly  show  that  the  Joss  of  heat  suffered  by  our 
globe  dnring  the  last  2500  years  is  far  too  great  to  have  been 
without  sensible  effect  on  the  velocity  of  the  earth's  rotation. 
The  reason  why,  in  spite  of  this  accelerating  cause,  the  length 
of  a  day  has  nevertheless  remained  constant  since  the  most 
ancient  times,  must  bo  attributed  to  an  opposite  retarding  ac- 
tion. This  consists  in  the  attraction  of  the  sun  and  moon  on 
the  liquid  parts  of  the  earth's  surface,  as  explained  in  llie 
last  chapter. 

According  to  the  calculations  of  tlie  last  chapter,  the  re- 
tarding pressure  of  the  tides  against  the  earth's  rotation 
wouUl  cause,  during  tli^^^e  of  '2500  yours,  a  sidereal  day 
to  be  lengt&QjAed  to^^^^^U^^^^  of  a  second ;  as  the 
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lengDi  of  a  Oay,  however,  has  remained  conslant,  die  cooliiig 
effect  of  llic  cftrlli  during  the  Bame  period  of  lime  muat  liavo 
Bbortencd  the  day  st''  of  a  second.  A  diminution  of  tlie 
eartli'B  radius  to  tbe  amount  of  4^  metres  in  2500  years,  and 
a  daily  loss  of  200  cubic  miles  of  Lent,  correspond  to  tUia 
efl'ect.  Hence,  in  the  oourso  of  the  laat  25  ceiituries,  the 
temperature  of  the  whole  mass  of  the  earth  ma?t  have  de- 
creased ,-,". 

The  not  inconBiderable  contraction  of  the  earth  resulting 
from  Huch  a  loss  of  heat,  agrees  with  the  continual  transfoi^ 
mations  of  the  earth's  surface  by  enrthquakea  and  volcanic 
eruptions ;  and  we  agree  with  Cordier,  tlie  industrious  ob- 
server of  volcanic  processes,  in  considering  those  phenomena 
a  Deccssary  couse<iuence  of  the  continual  cooling  of  an  earth 

ich  is  still  in  a,  molten  state  In  iU  iuttirior. 

When  our  earth  was  in  its  youth,  its  vclodty  of  rotation 
must  have  increased  to  a  very  sensible  degree,  on  account  of 
the  rapid  cooling  of  its  then  very  hot  mass.  This  accelera- 
ting cause  gradually  diminished,  and  as  the  retarding  pressure 
of  the  tidal  wave  remains  nearly  conslant,  the  latter  must 
finally  preponderate,  and  the  velocity  of  rotation  tliereforo 
continually  decrease.  Between  these  two  states  wu  have  a 
period  of  equilibrium,  a  period  when  tbe  influence  of  llie 
cooling  and  that  of  the  tidal  pressure  counterbalance  each 
oilier ;  the  whole  life  of  tho  earth  tbcreforo  may  bo  diviilcd 
into  three  periods — ^youth  with  increashig,  middle  age  wiili 
uniform,  and  old  age  with  decreasing  velocity  of  rotation. 

Tiio  time  during  which  the  two  opposed  influences  on  tlie 
rolutiun  of  [he  earth  are  in  equilibrium  can,  strictly  speak- 
ing, only  be  very  short,  inasmuch  as  in  one  moment  tho  cool- 
ing, and  in  the  next  moment  the  presanre  of  the  tides  must 
prevail.  In  a  physical  sense,  however,  when  measured  by 
human  standards,  the  influence  of  the  cooling,  and  slill  more 
BO  that  of  the  tidal  wave,  may  for  ages  be  considered  con- 
Slant,  and  there  must  conseqoently  exist  a  period  of  many 
14 
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thotuand  yean*  duration  during  whidi  tliese  connteradii^ 
inSneacea  will  appear  to  be  equal.  Within  thia  period  a  a- 
dcrcal  day  attains  its  shortest  length,  and  tbe  relodtj  of  the 
earth's  rolation  its  maximum — circnmstances  which,  accord- 
ing to  mathematical  analysisi  wonld  tend  to  lengthen  the  du- 
ration of  this  period  of  the  earth's  existence. 

Tlic  historical  times  of  mankind  are,  according,  to  I41- 
plfice's  calcolation,  to  be  placed  in  thia  period.  WheOier  w« 
arc  at  the  present  moment  still  near  its  commencement,  iu 
middle,  or  are  approaching  its  conclusion,  is  a  qnestion  whidi 
cannot  be  solved  by  onr  present  data,  and  mnst  be  left  to  fb- 
turc  generations. 

The  continual  cooling  of  the  earth  cannot  be  witbout  an 
influence  on  the  temperature  of  its  siuface,  and  consequently 
on  the  climalc  ;  scientific  men,  led  by  BuSbn,  in  fact,  have 
a<IvuDced  tim  supposition  that  the  loss  of  heat  suslained  by 
our  ^flobc  must  at  some  time  render  it  an  unlit  linbilation  for 
or^'imic  life.  Sueh  an  ftpprcliciLsion  hiLS  cvidcnlly  no  founda- 
ti<iii,  for  tlic  wurinlh  of  the  carlli's  surface  is  even  now  mucli 
more  dupcnd^nt  on  tlio  rays  of  the  sun  tlian  on  the  beat  wliicli 
reaches  ua  from  the  interior.  According  to  I'ouillet's  meas- 
urements, mentioned  in  Chapter  m.,  the  earth  reeeireB  8000 
cubic  miles  of  licat  a  day  from  the  sun,  whereas  the  heat 
which  reaches  the  surface  from  the  earth's  interior  may  he 
CBlimated  at  200  cubic  miles  per  diem.  The  heat  thortiforc 
obtained  from  the  latter  source  every  day  is  but  small  in  com- 
parison to  the  diurnal  heat  received  from  the  sun. 

If  we  imagine  the  solar  radiation  to  bo  constant,  and  the 
heat  wo  receive  from  the  store  in  tlic  interior  of  the  earth  to 
ho  cut  off,  wc  should  liave  as  a  coiisoqnenco  various  changes 
ill  Iho  phynicnl  (lonslilution  of  tlio  Burfiice  of  our  globe.  The 
temperature  of  hot  spriugs  would  gradually  sink  down  to  Iho 
mean  Icmpcrahire  of  I  Li  cai'tli'a  cru^^olcanic  o 
would  c«ase,  oartiiqualu^^^^^j^^^^Bk  felt,  and  the 
lemp<^mtUTO  of  Uio  wajr  ^^^^^^^^k  oensibly  al- 
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tered  in  many  places — circumstiuicrca  which  would  doubtlesa 
aficct  the  climate  in  many  parts  of  the  world.  Kepecially  iL 
may  be  presumed  that  Western  Europe,  witU  its  present  t'a- 
rourable  climate,  would  become  colder,  and  thua  perhaps  the 
Beat  of  the  power  and  culture  of  our  race  transferred  to  the 
mil<kr  parts  of  North  America. 

Be  this  aa  it  may,  for  thousands  of  years  to  come  we  can 
predict  no  diminution  of  the  lemperaluro  of  the  surface  of 
our  globe  as  a  consequence  of  tlio  cooling  of  its  interior  mass  ; 
and,  as  far  as  historic  records  teach,  the  climates,  the  tempe- 
ratures of  thermal  springs,  and  the  intensity  and  frequency 
of  volcanic  eruptions  arc  now  the  same  as  they  were  in  the 
fitr  past. 

It  was  different  in  prehistoric  timea,  when  for  centuries 
the  earth's  surface  waa  healed  by  internal  fire,  when  mam' 
moths  lived  in  the  now  uninhabilablo  polar  regiuna,  and  when 
the  Irce-f'ema  and  the  tropical  slicll-fish  whoso  fossil  ronmina 
arc  now  especially  preserved  in  the  coal-formal io3  were  at 
home  in  all  parts  of  the  world. 


m. 


THE  MECHANICAL  EQUIVALENT  OF  HEAT 


THE  rast  and  magnificent  stracture  of  the  experimental 
sciences  has  heen  erected  on  onlv  a  few  pillan.  His* 
torj  teaches  ns  that  the  searching  spirit  of  man  required 
thousands  of  years  for  the  discoreiy  of  the  fimdamental  prin* 
ciples  of  the  sciences,  on  which  the  superstructure  was  then 
raised  in  a  comparatively  short  time.  But  these  Teij  fimda- 
mental propositions  are  nevertheless  so  clear  and  simple,  that 
the  discovery  of  them  reminds  us,  in  more  than  one  respect, 

of  Columbus's  ^orrr. 

CO 

But  if,  now  that  we  are  at  last  in  possession  of  the  tmth, 
we  speak  of  a  method  by  the  application  of  which  the  most 
essential  fundamental  laws  might  have  been  discovered  with- 
out waste  of  time,  it  is  not  that  we  would  criticize  in  any  light 
spirit  the  efforts  and  achievements  of  our  forerunners :  it  is 
mtTcly  with  the  ol.»ject  of  lapng  before  the  reader  in  an  ad- 
vantageous form  one  of  the  additions  to  our  knowledge  whidi 
recent  times  have  brought  forth. 

The  most  important — not  to  say  the  only — rule  for  the 
genuine  investigation  of  nature  is,  to  remain  firm  in  the  con- 
victlon  that  the  problem  before  us  is  to  learn  to  hxow  phenom- 
ena, before  seeking  for  explanations  or  inquiring  after  lil||^ier 
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aea.     As  soon  as  a  fact  is  once  known  in  all  iU  relations, 
i  tliereia  explaiocd,  and  the  problem  of  science  is  at  an 


Kotwilbatanding  tbat  some  may  prononnce  this  a  trite 
asserlion,  and  no  matter  how  many  argoments  others  may 
bring  to  oppose  it,  it  remains  none  the  loss  certain  tbnt  tLja 
primary  rule  has  been  too  often  disregarded  even  up  to  tha 
most  modem  times ;  while  all  the  spccnlative  operations  of 
even  the  most  highly  giilcd  nunds  which,  instead  of  taking 
firm  hold  of  facts  as  such,  have  striven  to  rise  above  them, 
have  as  yet  borne  but  barren  fruit. 

We  shall  not  here  discuss  the  modem  natoralislic  philoso- 
phy {Natrtrphiloaojihie)  further  than  to  say  that  ila  character 
s  already  sufficiently  apparent  from  the  ephemeral  e 
of  iU  ollspring.  But  even  the  greafest  and  n 
.of  the  naturalists  of  antiquity,  in  order  to  explain,  for  exam- 
pie,  the  properties  of  the  lever,  took  refuge  in  the  assertion 
that  a  circle  is  such  a  marvellous  tiling  that  no  wonder  if  mo- 
lions,  taking  place  in  a  circle,  oficr  also  in  their  turn  most 
vnusnal  phenomena.  If  Aristotle,  instead  of  straining  hia 
txtraordinary  powers  in  meditations  upon  the  fixed  point  and 
advancing  line,  as  be  calls  iho  circle,  had  investigated  the 
numerical  relations  suhsistiag  between  tlie  lungth  of  the  arm 
of  ilio  lever  and  the  pressure  exerted,  ho  would  have  laid  the 
foundation  of  an  important  part  of  human  knowledge. 

Such  mistakes,  committed  as  they  were,  in  accordunca 
with  the  spirit  of  those  times,  even  by  a  man  whose  many 
positive  services  constitute  Ids  everlasting  memorial,  may 
KTvc  lo  point  us  in  the  opposite  road  wliich  lends  us  surely 
to  the  goaU  But  if,  even  by  the  most  correct  method  of  in- 
vestigation, nothing  can  be  attained  wiUiout  toil  and  industry, 
cause  is  to  be  sought  in  that  divino  order  uf  the  world 
according  to  which  man  is  made  to  lal>our.  But  it  is  certain 
that  already  immeasurably  more  means  and  mure  (oil  have 
been  sacrificed  to  error  llum  were  needed  fur  the  discovery  of 
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The  rule  whidi  mmt  be  followed,  in  order  to  la.y  the  finm- 
dations  of  a  knowledge  of  nature  in  the  stioriest  conoeivsUe 
time,  maj  be  comprised  in  a  few  words.  The  natural  pbe- 
Domcna  with  which  we  come  into  most  immediate  contact, 
and  which  are  of  most  frequent  occurrence,  mnst  be  subjected 
tA  a  careful  examination  hj  means  of  the  organs  of  sense, 
and  this  examination  most  be  continued  nntil  it  results  in 
quantitative  determinations  which  admit  of  being  eq>TesBed 
by  numbers. 

Thete  mimbert  are  the  required  /oundaiiotu  of  an  exact 
investigation  of  nature. 

Among  all  natural  operations,  the  free  fall  of  a  Treigfat  is 
tlio  moat  frequent,  the  simplest,  and — witness  Newton's  apple 
— at  the  same  time  the  most  important.  When  this  process 
is  analysed  in  the  way  that  has  been  mentioned,  we  imme- 
diately see  that  the  weight  strikes  against  the  ground  the 
harder  the  greater  the  height  from  whicb  it  has  fallen  ;  and 
the  problem  now  consists  in  the  determination  of  the  quanti- 
tulive  relations  subsisting  between  the  height  from  which  the 
weight  falls,  the  time  occupied  by  it  in  its  descent,  and  its 
final  velocity,  and  in  expressing  these  relations  by  definite 

In  carrying  ont  this  experimental  inTcatigation,  Tarious 
difficulties  have  to  bo  contended  with ;  but  these  must  and 
can  bo  overcome ;  aad  then  the  truth  is  arrived  at,  tbat  for 
every  body  a  fall  of  sixteen  feet,  or  a  time  of  descent  of  one 
second,  corresponds  to  a  final  velocity  of  tliirty>iwo  feet  per 
eecoud. 

A  second  phenomenon  of  daily  occurrence,  which  is  in 
apparent  contradiction  to  the  laws  of  fulling  bodies,  is  the 
ascent  of  liquids  in  tubes  by  suction.  Ilcro,  again,  the  rule 
applies,  not  to  allow  llie  maxim,  velle  rcrum  cognosccrc  causas, 
to  lead  us  into  error  through  useless  and  llicrclbre  harmful 
sj)cculalioa»  coiiceming  tlio^wliiloa  of  the  vacuum,  uud  the 
plicnomei- 
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lion  widi  AtteatioD  and  awakened  senses ;  and  tlien  wc  find, 
OS  soon  oa  we  put  a  tube  to  the  mouth  to  raise  a  liquid,  that 
the  operation  is  at  first  quite  easy,  but  that  afterwards  it  re- 
quires an  amount  of  exertion  wbicli  rapidly  increases  as  the 
column  of  liquid  becomes  higher.  Is  there,  perchance,  an 
asccrloinahle  limit  to  the  action  of  suction?  As  soon  as  we 
once  begin  lo  esperimeut  in  this  direction,  it  can  no  longer 
escape  us  that  there  is  a  barometric  height,  and  that  it  atlAins 
to  about  tlurty  inches.  This  number  is  a  second  chief  pillar 
in  the  edidce  of  human  knowledge. 

Question  now  follows  question,  and  answer,  answer.  We 
have  learned  that  the  pressure  exerted  by  a  column  of  fluid  is 
proportional  to  its  height  and  to  the  speciBc  grayity  of  the 
fluid ;  we  have  thus  determined  the  specific  gravity  of  the  at- 
mosphere, and  by  this  investigation  we  are  led  to  cany  up 
CUT  mcaeiiring- instrument,  the  barometer,  from  the  plain  to 
the  mountains,  and  to  express  nomcrically  the  eOcct  produced 
by  elevation  above  Iho  Bca-level  upon  the  heiglit  of  the  mcr- 
cary-coluinn.  Sueh  expcrimcnls  suggest  the  question.  Whether 
ttio  laws  of  falling  bodies,  willi  which  wo  have  become 
acqoainted  at  the  surface  of  the  earth,  do  not  likewise  un< 
dergo  modification  at  greater  distances  from  the  groimd. 
And  if,  as  d  priori  we  cannot  but  expect,  this  should  be  really 

I   the  case,  the  further  question  arises,  In  what  manner  is  the 

t  Buml)er  already  found  modified  by  distance  fi'oni  the  earth? 

I  We  have  thas  como  upon  a  problem  the  eolation  of  which  is 

attended  with  many  diflicullies  ;  for  what  haa  now  to  be  ao- 

mplishcd,  is  to  mako  obsorvatioaa  and  carry  out  mcasurc- 

I  ments  in  pkces  where  no  hnmaa  foot  can  tread.  Uistory, 
wevor,  teaches  that  the  same  man  who  put  the  question 
s  also  able  to  furnish  the  answer.     Truly  ho  could  do  so 

'  only  through  a  rich  treasure  of  ostrononaical  knowledge.    But 
how  is  tlus  knowledge  to  bo  attained  by  us? 

Astronomy  is,  without  question,  even  in  its  first  principles, 
le  most  difilcult  of  all  aciencea.     Wo  liave  here  lo  deal  wIUi 
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objects  OQd  Spaces  which  forbid  all  thonght  of  experiment, 
while  at  the  same  time  the  motions  of  the  innomerable  hear* 
cnly  bodies  arc  of  so  complicated  a  kind,  that  astroDomical 
science,  in  its  stately  unfolding,  is  righll;  considered  the  high- 
est triumph  whereof  human  inteUcct  here  below  is  able  to 
boast. 

In  accordance  with  the  natural  rule  that,  both  in  particu- 
lars and  in  general,  man  has  to  begin  with  that  Trhidi  is 
easiest  and  then  to  advance  step  hy  step  to  what  is  more  diffi- 
cult, it  might  well  be  supposed  that  astronomy  must  have  ar- 
rived at  a  flourishing  slate  of  development  later  than  any 
other  branch  of  human  knowledge.  But  it  is  well  known  that 
in  reality  the  direct  opposite  was  Ihc  case,  inasmuch  as  it  was 
precisely  in  astroaom)',  and  in  no  other  branch,  that  the  ear- 
liest peoples  attoincd  lo  really  sound  knowledge.  It  may, 
indeed,  be  aasuriud  that  the  science  of  the  heavenly  bodies 
had  in  antiquity  rcacJicd  as  high  a  degree  of  perfection  as  the 
complete  want  of  all  the  auxiliary  sciences  rendered  possible. 

This  early  occurrence  of  a  vigorous  development  of  as- 
tronomy, which,  indeed,  waa  a  necessary  forerunner  of  the 
oilier  sciences,  since  it  alone  furnished  the  necessary  data  for 
the  measurement  of  time,  is  observable  among  the  most  va- 
rious races  of  mankind :  the  reason  of  it,  moreover,  ties  in 
tlic  nature  of  Uiings,  and  in  the  constitution  of  the  human 
mind.  It  fumislies  a  remarkable  proof  that  a  right  method 
is  the  most  important  condition  for  the  successful  prosecution 
of  scientiHc  inquiry. 

Tiic  explanation  of  tjiis  phenomenon  lies  in  the  fact  that 
the  need  which  was  felt  at  a  very  early  period,  of  a  common 
standard  for  the  compulation  of  time,  made  it  necessary  to 
institute  observations  such  that  ibeit'  ivi^ults  required  to  bo 
expressed  by  definite  nwnhcrs.  Tiicre  n-as  a  felt  necessity  of 
determining  the  time  in  wliieb  lliCBun  accomplishes  his  ciri- 
thron;;b  tlic  bj^^^^ttj^^^^^Hbe  time  in  which  the 
moon  goes  tlirougl^  ^^^^^^^^b  similar  questions. 


FAU-DJO   BUDIES   AT   C 


temptation  to 
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111  order  to  meet  this  neccBsily,  tlierc  i 
taku  up  the  Book  of  Nature,  after  the 
and  critica,  merely  to  cover  it  with  glos 

"  SUt  eitler  Rodo  wird  liier  niulita  gosohafft." 

It  was  uHinben  tltat  were  gouglit,  nud  numbers  that  were 
found.  The  overpowering  force  of  circiinutaDces  constrained 
Uio  apirit  of  iaqniry  into  the  right  path,  and  therein  led  it  at 
once  from  8iiucuss  to  eaccess. 

Now  that  after  long-continued,  accurate,  and  fortunate 
observations  the  needful  knuwlcdgij  of  the  courses  and  did- 
tanccs  of  ttie  neareet  heavenly  bodies,  as  well  as  of  the  figure 
and  sixe  uf  the  earth,  has  been  acqaired,  wc  arc  in  a  posilion 
to  treat  the  question,  What  is  the  nunicrical  iufiuence  exerted 
by  increased  distance  from  the  earth  upon  the  known  laws  of 
fillling  bodies?  and  we  thaa  arrive  at  the  pregnant  discovery 
t&at,  at  a  height  equal  to  the  earth's  setuidiumetur,  the  d!^ 
tanco  fallen  through  and  the  final  velodty,  for  Ibe  first  second, 
is  four  times  less  than  on  tlie  surface  of  the  eorlb. 

In  order  to  pursue  our  inquiry,  let  us  now  return  lo  the 
objects  which  immediately  surround  us.  I'Vom  tlie  earliest 
liincs,  the  phenomena  of  combuation  most  have  eluimcd  in  an 
cnpcdaJ  degree  the  attention  of  mankind.  In  order  to  cjh 
plain  tliem,  the  ancients,  in  accordance  with  the  method  of 
their  naturalistic  philosophy,  pat  forward  a  peculiar  upward- 
striving  element  of  Fire,  which  in  conjunction  with,  and  in 
opposition  to.  Air,  Water,  and  Earth,  constituted  all  that  ex- 
isted. The  necessary  conscfjnence  of  this  theory,  which  they 
discussed  with  the  most  acute  sagacity,  was,  that  in  regard  to 
the  phenomena  in  question  and  all  that  related  to  them,  they 
remained  in  complete  ignorance. 

Here,  again,  it  is  quantitative  determinations,  it  is  nam- 
hers  alone,  which  put  the  Ariadne's  cine  in  our  hand.  If  wo 
want  to  know  what  goes  on  during  the  phenomena  of  com- 
DOStion,  we  must  wcijA  the  sabstances  before  and  after  they 
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are  burned ;  and  here  the  knowledge  we  have  alreadj  ae 
quired  of  tho  wei^t  of  gaseous  bodies  comes  to  oar  ud. 
Wo  tlien  find  that,  in  every  case  of  combustion,  mbstaiioM 
which  previooBly  existed  in  a  separate  state  enter  into  aa  intj- 
malo  union  with  each  other,  and  that  the  total  weight  of  the 
substances  remains  the  same  both  before  and  after  the  combi- 
nation. Wo  thus  come  to  know  the  different  bodies  in  their 
separate  and  in  their  combined  states,  and  leani  how  to  traiu> 
form  them  from  one  of  these  states  into  the  other ;  wa  leani, 
for  instance,  that  water  is  composed  of  two  kinds  of  air  which 
combine  with  each  other  in  the  proportion  of  1: 8.  An  en- 
tmnco  into  chemical  science  is  thus  opened  to  us,  and  the  mi' 
merlcal  laws  which  regnlate  the  combinations  of  matter  (ilw 
SlOchiomarie)  hang  like  ripe  fruit  before  ua. 

As  we  proceed  fiirther  in  our  investigations,  we  find  that 
in  all  chemical  operations— combinations  as  well  as  decompo- 
sitions—changes of  temperature  occur,  which,  according  to 
tho  varying  circumstances  of  different  cases,  arc  of  all  de- 
grees of  intensity,  from  tho  most  violent  heat  downwards. 
Wc  liavo  measured  quantitatively  tlic  heat  developed,  or 
counted  the  number  of  heat-units,  and  have  so  come  into  pos- 
sussioa  of  tho  law  of  ttic  evolution  of  heat  in  chemical  pro- 

We  have  long  known,  however,  that  in  innumerable  cases 
heat  makes  its  appearance  where  no  clicmical  action  ia  going 
(in ;  for  instance,  whenever  there  b  friction,  when  unelastic 
bodies  strike  one  another,  and  when  aeriform  bodies  are  com- 
pressed. 

What  ihtn  lake*  place  wAcn  heal  ia  evolved  in  lueh  wa^i 
<M  thcte  r 

We  are  taught  by  liislory  that  in  this  case  also  Ihc  most 
sagacious  hypotheses  concerning  the  stale  and  nature  of  a 
peculiar  "matter"  of  heat,  concern  in;;  a  "thermal  ajthcr," 
wliethcr  at  rest  or  ig^glgji-  '■>'  ■.Uu.r.l:,-,.  .MiKv.rninjr  "  tlu-^r- 
mal  atoms," 


COX^'EEIIBILITY   OF   HEAT   AND  MOTION. 


333 


Eticc3  between  the  material  atoms,  or  other  hypotheses  of  like 
aikture,  have  not  availr.d  to  solve  the  problem.  It  is,  noL^villi- 
Btandiog,  of  no  Icsa  wniulcrfuUj  simjile  a  niiture  than  the  lawn 
of  the  lever,  about  which  the  founder  of  th«  peripatetic  phi 
loeophy  cudgelled  his  brains  in  vain. 

After  what  has  gone  before,  the  reader  cannot  be  in  any 
doubt  about  what  is  the  course  now  to  be  pursued.  We  must 
again  make  quantitative  ilulermiaations :  wo  most  measure 
aoil  count. 

1£  we  proceed  in  this  direction  and  measure  the  quantity 
of  heat  developed  by  mechanical  agency,  as  well  as  the 
sjuount  of  force  used  up  in  producing  it,  and  compare  those 
quantities  with  each  other,  we  at  once  find  that  they  stand  to 
each  other  in  the  simplest  conceivable  relation — that  is  to  Bay, 
in  on  invariable  direct  proportion,  and  that  the  proportiou  ubo 
holds  when,  inversely,  mechanical  force  is  again  produced  by 
the  aid  of  heat. 

Putting  these  facts  into  brief  and  plain  language,  we  may 
say, 

ffccU  and  molion  are  trait^ormable  one  into  iJie  other. 

Wu  cannot  and  ought  not,  however,  to  let  this  sufBco  us. 
We  require  to  know  how  much  mechanical  force  is  needed  for 
the  production  of  a  g^vcn  amount  of  heat,  and  couvcrBcly. 
In  oUior  words,  the  law  of  the  invariable  quantitative  relation 
between  motion  uod  heat  must  be  exprosecd  niimericaliy. 

When  we  appeal  hereupon  to  experiment,  we  find  that 
raising  the  temperature  of  a  giroa  weight  of  water  one  degree 
af  the  Centigrade  scale  corresponds  to  the  elevation  of  an 
equal  weight  to  the  height  of  about  1,200  [French]  feet. 

This  number  w  the  Mechanical  Equivalent  os  Heat. 

The  prodtUTtiou  of  heat  by  friction  and  other  mechanical 
jperalioDS  is  u  fuadanieutol  fact  of  such  constant  occurreace, 
that  the  importance  of  its  establishment  on  a  scientific  basis 
will  be  recognized  by  naturalists  without  any  preliminat; 
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vuumeralion  of  its  useful  applicatione ;  and,  for  the  saoM 
reason,  &  fuw  biatoricol  remarks  touching  the  circomstaiioea 
attcoding  the  discoTciy  of  the  foregoing  fundameDloI  law, 
will  not  bo  out  of  place  here. 

Id  Uie  summer  of  1840,  on  the  occasion  of  blcediog  En- 
ropeaos  newly  arrived  in  Java,  I  made  the  observation  tbat 
the  blood  drawn  from  the  vein  of  the  arm  possessed,  alnwst 
without  exception,  a  surprisingly  bright  red  colour. 

This  phcuomenoD  riveted  my  corucst  attention.  Starting 
from  Lavoisier's  theory,  according  to  which  aninml  heat  is 
the  result  of  a  process  of  combustion,  I  regarded  the  twofold 
change  of  colour  which  the  blood  undergoes  in  the  capillaries 
as  a  sensible  sign — as  the  visible  indication — of  an  oxidation 
going  ou  iu  the  blood.  In  order  that  the  human  body  may 
be  kept  at  a  unllurm  temperature,  the  development  of  heat 
within  it  must  bear  a,  quantitative  relation  to  the  hcul  whicX 
it  liiscs — a.  relation,  that  is,  to  the  temperature  of  the  sur- 
rounding medium ;  and  hence  both  the  production  of  heat 
and  the  process  of  o.\idation,  as  well  ii,^  the  difference  in  col- 
otir  of  the  two  kinds  of  Hood,  must  be  on  the  whole  less  in 
the  torrid  zones  than  in  colder  regions. 

In  accordance  with  this  theory,  and  having  regard  to  t)ie 
known  physiological  facts  which  bear  upon  the  question,  the 
blood  must  bo  regarded  as  a  fermenting  h'qiiid  undcrgoiug 
slow  combustion,  whose  most  important  fiiiiclion — that  is, 
sustaining  the  process  of  combustion — is  fulJilk-d  without  tha 
constituents  of  the  blood  (with  the  exception,  tlinf  is,  of  the 
products  of  decomposition)  leaving  the  cavities  of  the  blood- 
TC8«(ls  or  coming  into  such  relation  willi  the  organs  that  an 
interchange  of  matter  can  take  place.  This  may  be  thus 
staled  in  other  words :  by  far  llie  greater  jinrt  of  the  nsi;inii- 
lalcd  food  is  burned  in  the  cavities  of  the  blood-iessel.<  them- 
selves, for  t}ic  pnrpope  of  producin;j  a  physical  cflect,  and  a 
comparatively  small  quantity  only  sei'ics  llie  less  important 
end  of  ultimately  J  ~"~"  "^ 
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■elves,  80  as  to  occasion  growth  an<l  the  renewal  of  the  worn- 
out  solid  parts. 

K  henco  it  follows  that  a  general  biUance  must  be  strock 
in  the  organism  between  receipts  and  expcnditore,  or  between 
vork  done  and  wear  and  tear,  it  is  untniBlokubly  one  of  the 
most  important  problems  with  whieh  the  physiologist  has  to 
deal,  to  make  himwlf  aa  thoraugbly  aequaitited  aa  it  is  possi- 
ble for  him  to  be  with  the  budget  of  the  object  of  liis  exami- 
nation.    The  wear  and  tcnr  eottsiBte  in  the  amonnt  of  matter 
coDsamed ;  tha  work  done   is  the  evolution  of  heat.     This 
I    latter  effect,  howeTcr,  is  of  two  kinds,  inasmucli  as  the  ani- 
tnol  body  evolves  heat  on  the  one  hand  directly  iii  its  own 
interior,  and  distribntes  it  by  communication  to  the  objects 
'  inimcdiately  surrounding   it ;   while,  on  the   other  hand,  it 
.  pOBsesaes,  through  its  organs  of  motion,  the  power  of  prodnc- 
L  ing  heat  mechanically  by  friction  or  in  similar  ways,  even  at 
I  dislunt  poiuls.     Wo  now  require  to  know 
I  tVlielher  Ote  hrat  directly  evolved  it  aloxe  lo  be  laid  to  the 

L  aeeourU  of  the  proeeis  of  cornfruriion,  or  whether  U  in  the  8vs 
\  ^  the  heat  evolved  both  directly  and  indirecUy  that  it  U  to  be 
f  taken  into  ealeulalion. 

Thb  is  a  question  that  touches  the  very  foundations  of  sci- 
I  ence ;  and  utiless  it  receives  a  trustworthy  answer,  the  healthy 
I  development  of  the  doctrine  concerned  is  not  po^f^iblc.  Fur 
[  it  has  been  already  shown,  by  various  examples,  what  are 
the  conseqnenceB  of  neglecting  primary  quantitative  dotunni- 
'nations.  No  wit  of  man  is  able  to  furnish  a  substitute  for 
,    vhat  t>ature  offers. 

The  physiolopcal  theory  of  combustion  starls  from  the 
I  flmdamcnlal  proposition,  that  tJie  quantity  of  heat  which  rc- 
1  Bnlls&om  the  combustion  of  a  given  aubslance  ia  invarial/lc — 
I '  Qiat  is,  that  its  amount  is  jtniTtfiaeneed  by  Ilie  eircum^itances 
I'iriiich  accompany  the  combustion  ;  whence  we  infer,  "  in  tpo- 
npfe,"  that  the  chemical  effect  ot  i-ombustible  mailer  can  un- 
Wuigo  no  alteration  in  amount  even  by  the  vital  process,  or 
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that  the  liviug  organism,  with  all  its  riddles  and  marvels,  can- 
not create  heat  out  of  nothing. 

But  if  we  hold  firm  to  this  physiological  axiom,  the  an 
swer  to  the  question  started  above  is  already  given.  For, 
unless  we  wish  to  attribute  again  to  the  organism  the  power 
of  creating  heat  which  has  just  been  denied  to  it,  it  cannot  be 
assumed  that  the  heat  which  it  produces  can  ever  amount  to 
more  than  the  chemical  action  which  takes  place.  On  the 
combustion-theory  there  is,  then,  no  alternative,  short  of  sa- 
crificing  the  theory  itself,  but  to  admit  that  the  total  amount 
of  heat  evolved  by  the  organism,  partly  directly,  and  partly 
indirectly  by  mechanical  action,  corresponds  quantitatively, 
or  is  equal  to  the  amount  of  combustion. 

Hence  it  follows,  no  less  inevitably,  that  the  heat  produced 
mechanically  by  the  organism  must  hear  an  invariable  quantiior 
live  relation  to  the  work  expended  in  producing  it. 

For  if,  according  to  the  varying  construction  of  the  me- 
chanical arrangements  which  serve  for  the  development  of 
the  heat,  the  same  amount  of  work,  and  hence  the  same 
amount  of  organic  combustion,  could  produce  varying  quanti- 
ties of  licat,  tlie  quantity  of  heat  produced  from  one  and  the 
same  expenditure  of  material  would  come  out  smaller  at  one 
time  and  larger  at  anotlier,  which  is  contrary  to  our  assump- 
tion. Further,  inasmuch  as  there  is  no  difiTerence  in  kind  be- 
tween the  mechanical  performances  of  tlie  animal  body  and 
those  of  other  inorganic  sources  of  work,  it  follows  that 

AN  INVARIABLE  QUANTITATIVE  RELATION  BETWEEN  HEAT 
AND  WORK  IS  A  POSTULATE  OF  THE  rHYSIOLOGIC^NX  THEORT 
OF  COMBUSTION. 

While  following  in  general  the  direction  indicated,  it  was 
accordingly  needful  for  me  in  the  end  to  fix  my  attention 
chiefly  on  the  physical  connection  subsisting  between  motion 
and  heat ;  and  it  was  thus  impossible  for  tlie  existence  of  the 
mechanical  equivalent  of  heat  to  remain  hidden  from  me. 
But,  although  I  have  to  thank  an  accident  for  this  discovery, 
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<t  is  none  the  hae  my  own,  and  I  do  not  heeitalo  to  aeaort  my 
right  of  priori ly. 

In  order  to  ensure  wbal  had  been  thus  discovered  aguiast 
cai^nnlties,  I  pat  togetlicr  tlie  most  important  points  in  a,  short 
paper  wkiuh  I  seat  in  tlie  spring  of  1842  to  Liebig,  witli  a 
niqncBt  that  he  would  inscrl  it  in  tlia  Annaltn  der  Chemie  und' 
Pharmacie,  in  the  forty-second  volume  of  whieli,  page  233,  it 
may  bo  found  under  the  title  "  Bcmerkungen  fiber  die  Kriifle 
der  unbclebtcn  Natur." 

It  was  a  fortunate  circumstance  for  me  that  the  rcce|jtion 
^ven  to  my  unpretendiug  work  liy  liiia  man,  giDcd  with  so 
de(^p  an  iuaiglit,  at  once  secured  for  it  an  cntranee  into  one  of 
the  first  scientific  orgnus,  und  I  seize  tide  opportunity  of  pub- 
licly testifying  to  tJic  great  naturalLut  my  gratitude  aud  ray 
esteem. 

Liebig  himself,  howorer,  had  about  the  Bome  time  already 
pointed  oat,  in  more  general  but  still  unmislakable  terms,  the 
Connoctiou  subsisting  between  heat  and  work.  In  pariiculivr, 
he  assorts  that  tho  heat  produced  meclianicatly  by  a  elcam- 
cogino  is  to  lie  attributed  solely  to  the  effect  of  combustion, 
which  can  never  receive  any  increase  through  the  fact  of  its 
produdng  mevhauieal  effceta,  aod,  through  these,  again  devel- 
oping heat. 

From  these,  and  from  similar  oxprcBsious  of  other  scien- 
tilic  men,  wo  may  infer  that  science  has  recently  entered  upon 
a  direction  iu  whieh  the  existence  of  the  mcchanieol  equiva- 
lent of  heal  could  not  in  any  case  have  remained  longer  un- 
pcrccivod. 

In  the  paper  to  which  reference  has  been  mode,  the  nat- 
nrut  law  with  which  we  are  now  concerned  is  relerred  back 
to  a  few  fundamenlol  couerptions  of  tho  human  mind.  The 
proposition  that  a  maguiiudo,  whieh  dues  not  spring  from 
nothing,  cannot  be  annihilated,  is  so  simple  and  clear  thai  no 
valiil  argument  can  be  urged  agaiuat  its  trulh,  any  more  than 
■gainst  an  axiom  of  geometry ;    aud  until  the  contrary  is 
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proved  by  some  fact  established  beyond  a  doubt,  we  may  ao> 
cept  it  as  true. 

Now  we  are  taught  by  experience,  that  neither  motion  nor 
heat  ever  takes  its  rise  except  at  the  expense  of  some  meas- 
urable object,  and  that  in  innumerable  cases  motion  disap- 
pears without  any  thing  except  heat  making  its  appearance. 
The  axiom  that  we  have  established  leads,  then,  now  to  the 
conclusion  that  the  motion  that  disappears  becomes  heat,  or, 
in  other  words,  that  both  objects  bear  to  each  other  an  inva- 
riable quantitative  relation.  The  proof  of  this  conclusion  by 
the  method  of  experiment,  the  establishment  of  it  in  all  its 
details,  the  tracing  of  a  complete  harmony  subsisting  between 
the  laws  of  thought  and  the  objective  world,  is  the  most  inter- 
esting, but  at  the  same  time  the  most  comprehensive  problem 
that  it  is  possible  to  find.  What  I,  with  feeble  powers  and 
without  any  external  support  or  encouragement,  have  effected 
in  this  direction  is  truly  little  enough  ;  but — ultra  posse  nemo 
ohligattis. 

In  the  paper  referred  to  (the  first  of  Mayer's  in  the  pres- 
ent volume)  I  have  thus  expressed  myself  with  regard  to  the 
genetic  connection  of  heat  and  moving  force : 

"If  it  be  now  considered  as  established  that  in  many 
cases  {exccpiio  confirmat  regulam)  no  other  effect  of  motion 
can  be  traced  except  heat,  and  that  no  other  cause  than  motion 
can  be  found  for  the  heat  that  is  produced,  we  prefer  the  as- 
sumption  that  heat  proceeds  from  motion,  to  the  assumption 
of  a  cause  without  effect  and  of  an  effect  without  a  cause — 
just  as  the  chemist,  instead  of  allowing  oxygen  and  hydrogen 
to  disappear  without  further  investigation,  and  water  to  bo 
produced  in  some  inexplicable  manner,  establishes  a  connec- 
tion between  oxygen  and  hydrogen  on  the  one  hand  and  water 
on  the  other." 

From  this  point  there  is  but  one  step  to  be  made  to  the 
goal.  At  page  257  it  is  said :  "  The  solution  of  the  equa- 
tions subsisting  between  falling^force  [that  is,  the  raising  of 
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weigbt}  Hnd  raotion  requires  that  the  space  f&Wca  lhroug]i  lo 
a  given  time,  e.  <;.  the  first  second,  shauld  be  experimentally 
determined;  ta  like  mnnner,  Ihe  solution  of  the  equations 
subsisting  between  fiilling'-fbreo  and  raotion  on  the  one  hnnd 
and  heot  on  the  other,  requires  an  answer  to  the  ([iication,  Ilovf 
groat  is  the  quantity  of  heat  which  corresponds  to  a  givea 
quantity  of  motion  ot  falling-force?  For  instance,  we  must 
ucertain  how  high  a  given  weight  requires  to  be  raised  above 
the  ground  in  order  that  its  falling-force  may  he  equivalent  to 
the  raiding  of  the  temperature  of  an  eqtml  weight  of  water 
from  0°  to  1°  C.  The  attempt  to  show  that  such  an  oqtuilion 
is  the  expression  of  a  physical  truth  may  bo  regarded  as  the 
Buhstance  of  tlic  foregoing  remarks. 

"  By  applying  the  principles  that  have  bceu  set  forth  to 
the  relations  subsisting  between  the  temperature  and  the  vol- 
muo  of  gasijfl,  vrn  find  that  the  sinking  of  a  mercury  coluttiu 
by  wlilch  a  gas  is  compressed  is  equivalent  to  the  quantity  of 
heat  set  ■fi«.  by  the  compresaion  ;  and  hence  it  follows,  the 
ratio  between  the  capacity  for  heat  of  air  under  conalant  press- 
ure and  its  capacity  under  constant  volume  being  taken  us 
=  1'421,  that  tlie  warming  of  a  given  weight  of  water  from 
0°  to  1°  C.  corresponds  to  the  fall  of  an  equal  weight  from 
the  height  of  about  365  metres." 

It  is  plain  that  the  eipression  "  equivalent"  ia  hero  used 
in  quite  a  dilFeront  sense  from  what  it  liears  in  ehcmialry. 
The  dilTuronco  will  be  shown  moot  distinctly  by  an  examjile. 
When  the  same  weight  of  [wtttsb  is  neutralized,  first,  willi 
sulphuric  acid,  then  with  nitric  acid,  the  numbers  which  ex- 
press the  ratio  wliicU  the  obaolntc  weights  of  these  throe  Rub- 
stances  bear  lo  onJ  ani>llier  ore  called  their  equivalents ;  hut 
there  is  no  thought  hero  cither  of  the  quantitative  equality  or 
of  the  traus formation  of  the  bodies  in  question. 

This  peculiar  sigiuflcatiou  which  the  word  "equivalent* 
has  acquired  in  chemistry,  is  doubtless  connected  with  th« 
fact  that  the  chemist  lias  been  able  to  determine  the  object  of 
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his  invesligation  by  a  common  qnantitativo  standard,  tibeir  nh 
solute  weights.  Let  us  suppose,  however,  that  we  could  de> 
termine  one  body,  for  instance  water,  only  by  weight,  and 
another,  water-forming  or  explosive  gas,  only  bj  volume,  and 
that  we  had  agreed  to  choose  one  pound  as  the  unit  of  weight, 
and  one  cubic  foot  as  the  unit  of  volume ;  we  should  then  have 
to  ascertain  how  many  cubic  feet  of  explosive  gas  could  be  ob- 
tained from  one  pound  of  water,  and  conversely.  This  nam 
her,  without  which  neither  the  formation  nor  the  decomposi- 
tion  of  water  could  be  made  the  subject  of  calculation,  might 
then  be  suitably  called  "  the  explosive-gas  equivalent  of  wa- 
ter." 

In  this  latter  sense  a  raised  weight  might,  in  accordance 
with  the  known  laws  of  mechanics,  be 'called  the  ^'  equiva- 
lent "  of  the  motion  resulting  from  its  fall.  Now,  in  order  to 
compare  these  two  objects,  the  raised  and  the  moving  weight, 
which  admit  of  no  common  measure,  wo  require  that  con- 
stant number  which  is  generally  denoted  by  g.  This  number, 
however,  and  the  mechanical  equivalent  of  heat,  whereby  the 
relation  subsisting  between  heat  and  motion  is  defined,  belong 
both  of  them  to  one  and  the  same  category  of  ideas. 

In  the  paper  that  I  have  mentioned  it  is  further  shown 
how  we  may  arrive  at  such  a  conception  of  force  as  admits 
of  being  consistently  followed  to  its  consequences  and  is  sci- 
entifically tenable  ;  and  the  importance  of  this  subject  induces 
me  to  return  to  it  again  here. 

The  word  "  force  "  {Kraft)  is  used  in  the  higher  or  scien- 
tific mechanics  in  two  distinct  senses. 

I.  On  the  one  hand,  it  denotes  every  push  or  pull,  every 
efibrt  of  an  inert  body  to  change  its  state  of  rest  or  of  mo- 
tion ;  and  this  efibrt,  when  it  is  considered  alone  and  apart 
from  the  result  produced,  is  called  •'  pushin;^  force,"  "  pulling 
force,"  or  shortly  "  force,"  and  also,  in  order  to  distinguish 
between  this  and  the  following  conception,  "  dead  force"  (vii 
mortua). 
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II.  Oa  Iho  otbei  band,  the  product  of  tlie  prcaaui-e  Into 
Iho  apace  through  vrhich  it  acie,  or,  again,  the  product — or 
half-product — of  tbo  miiSB  into  the  square  of  the  velocity,  U 
named  "  force."  In  order  that  moiiou  may  actually  occur,  it 
is  in  fact  necessary  that  the  mass,  whatever  it  may  be,  should 
under  lite  iaflucnce  of  a  pressure,  and,  in  the  dircctioo  of  tliut 
prei!surc,  traverso  a  certain  space,  "the  cffeotiTe  space" 
(  Wirkungaraum)  :  and  in  this  case  a  magnitude  whlcli  is  pro- 
portional to  tho  "  pushing  force  "  and  to  tho  eficctive  space, 
likewise  receives  the  name  "  force ; "  but  to  distingDiab  it 
from  the  mere  pushing  force,  by  which  alone  motion  is  never 
actually  brought  about,  it  is  also  called  the  "  vU  viva  of  mo- 
tion," or  "  moving  force." 

With  tho  gertenc  conception  of  "  force,"  tlie  higher  me- 
chanics, as  an  essentially  analytic  science,  is  not  concerned. 
In  order  to  krrife  at  it,  vre  must,  according  to  the  general 
rule,  collect  together  the  characters  possctiscd  in  common  by 
liio  several  species.  As  is  well  known,  the  definition  so  ob- 
tained mns  thus — "  Force  ta  every  thing  which  brings  about 
or  tends  to  bring  about-,  alters  or  lends  to  alter  motion." 

Tliis  definition,  however,  it  is  easy  to  sec,  is  tautological ; 
for  the  lost  fourteen  words  of  it  miglit  be  oraitlcd,  and  tho 
sense. would  be  still  the  same. 

This  erroneous  solution  is  occasioned  by  the  nature  of  the 
problem,  which  requires  an  impossibility.  Mere  pressure 
(dead  force)  and  the  product  of  tbo  pressure  into  the  cfieclivo 
space  (living  force)  are  magnitudes  too  thoroughly  uulike  to 
1m  by  possibility  combined  into  a  generic  ccnoeption.  Press- 
ure or  attraction  is,  in  the  theory  of  motion,  what  affinity  is 
in  cliemistry — an  abstract  coniNption  :  living  force,  like  mat- 
ter, is  concrete  ;  and  these  two  kinds  of  force,  however  closely 
connected  In  tho  region  of  the  association  of  ideas,  are  lu 
reality  so  widely  separated  that  a  frame  which  should  take 
them  both  in  must  be  able  to  include  the  whole  world. 

There  are  MTeral  conceivable  ways  of  escaping  from  lb« 
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difficnl^.  For  instance,  just  as  we  speak  of  absolute  weig^ 
specific  weight,  and  combining  weight,  without  its  ever  enter 
ing  any  one's  bead  to  want  to  constmct  a  generic  idea  out  of 
these  distinct  notions,  so  two  or  more  meanings  may  be  at- 
tached to  the  word  force.  This  is  what  is  actoallj  done  in 
the  higher  mechanics,  and  hence  in  this  branch  of  science  we 
meet  with  no  mention  of  a  generic  conception  of  ^^  force.'' 

There  has  been  no  lack  of  recommendations  to  cany,  in 
like  manner,  the  notions  of  "  dead "  and  "  living  force "  as 
distinct  and  separate  through  the  other  departments  of  sci- 
ence ;  it  has,  however,  been  found  impossible  to  put  in  prac 
tice  such  recommendations ;  for  the  use  of  ambiguous  ex- 
pressions, which  can  in  no  case  contribute  any  thing  to  clear- 
ness, is  altogether  inadmissible  if  confusion  can  possibly  arise. 
It  is  true  that  the  mathematician  is  in  no  danger  of  confound- 
ing in  Ids  calculations  a  product  with  one  of  its  factors  ;  but 
in  other  departments  of  knowledge  a  systematic  confusion  of 
ideas  exists  on  this  point ;  and  if  any  thing  is  to  be  done 
toward  clearing  it  up,  the  source  of  the  error  must  be  stopped ; 
for  if  we  once  recognize  two  meanings  of  the  word  *'  force," 
it  would  be  the  labour  of  Sisyphus  to  try  to  distinguish  be- 
tween them  in  each  separate  case.  In  order,  then,  to  arrive 
at  any  result,  we  must  make  up  our  minds  to  do  without  any 
common  denomination  of  the  magnitudes  mentioned  above, 
OS  I.  and  U.,  and  either  to  give  up  the  use  of  the  word 
"  force  "  altogether,  or  to  employ  it  for  one  only  of  these  two 
categories. 

The  notion  of  force  was  consistently  employed  in  the  lat- 
ter sense  by  Newton.  In  solving  his  problems,  ho  decom- 
poses the  product  of  the  attract^'on  into  the  effective  space 
into  its  two  factors,  and  calls  the  former  by  the  name  "force." 

As  an  objection  to  tliis  mode  of  proceeding,  it  must,  how- 
ever, be  remarked  that  in  many  cases  it  is  not  possible  thus 
to  decompose  the  product  in  question.  Let  us  take,  for  in- 
stance, the  following  very  simple  case :  a  mass  M,  originally 
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at  rest,  ia  caused  to  move  with  the  (niiifonn  final)  Telocity  c  ; 
firom  the  knowledge  of  the  magnitudes  M  and  c  it  is  certainly 
possible  to  deduce  the  value  of  the  product  of  the  force  (in 
Newton's  sense)  into  ila  effective  space,  but  we  are  not  thereby 
(tnahled  to  conclude  as  to  the  magnitude  of  this  force  itself. 

As  a  nutttcr  of  fact,  the  necessity  soon  made  itself  felt  of 
treating  and  naming  this  product  as  a  whole.  It  also  has 
been  called  "force,"  and  the  expressions  ^^  vis  viva  of  motion," 
"moving  force,"  "  working  force,"  "horse-power"  (or  force), 
**  moBcalar  force,"  &c.,  have  been  long  naturalized  in  science. 

However  happy  we  may,  in  many  respects,  think  the 
choice  of  this  word,  there  is  still  the  objection  that  a  new 
meaniuj;  has  been  fixed  upon  an  already  existing  technical 
expression,  without  tbe  old  one  having  been  called  in  from 
circulation  at  the  eamo  time.  This  formal  error  lias  become 
■  Pandora's  box,  whence  has  sprung  a  Babylonian  confusion 
of  lODgnes. 

Under  exisliag  circumstances  no  choice  is  loH  ua  hut  to 
withdraw  the  t*rm  "  force"  either  from  Newton's  dead  force 
or  from  Leibnitz's  living  force ;  but  in  either  case  wo  come 
into  conllict  wilh  prevailing  usage.  Bat  if  once  we  have 
mudo  up  our  minds  to  introduce  into  onr  science  a  logically 
accurate  use  of  terms,  oven  at  tJie  coat  of  existing  expressions 
which  have  become  cosy  and  pleasant  to  us  by  long  usage,  we 
cannot  long  hesitate  in  the  choice  wo  have  to  make  between 
tike  conceptions  L  and  II. 

Let  us  consider  the  elementary  case  of  a  mass,  originally 
at  rest,  which  receives  motion  :  this  happens,  as  has  been  al- 
ready said,  by  the  mass  bising  subjected  to  a  certain  push  or 
pull  under  the  infiuonco  of  which  it  traverses  a  certain  space, 
the  effective  space.  Now,  however,  both  the  velocity  and 
also  the  intensity  of  the  pusli  (Newton's  force)  always  vary 
ftt  every  point  of  the  cfiective  space  ;  and  in  order  to  mul- 
tiply these  variable  magnitudes  into  cfieclive  space,  that  is, 
to  deduce  the  quantity  of  motion  from  the  iulensily  of  the 
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pushing  force,  we  must  call  in  the  aid  of  the  higher  mathe* 
matics. 

But  hence  it  follows  that,  except  in  statics,  where  the  efr 
fective  space  is  nought  and  the  pressure  constant,  the  New- 
tonian conception  of  force  is  available  only  in  the  higher 
branches  of  mechanics ;  and  it  is  plainly  not  advisable  00  to 
choose  our  conception  of  ^^  force  "  that  it  cannot  be  constst 
ently  employed  in  that  branch  (namely,  the  elementary  parts 
of  the  theory  of  motion)  which  of  all  others  is  chiefly  con- 
oomed  with  fundamental  notions. 

It  is,  however,  a  totally  mistaken  method  to  try  to  adapt 
the  idea  of  a  force,  such  as  gravity,  conceived  in  Newton's 
sense,  to  the  elementary  parts  of  science,  by  leaving  out  of 
consideration  one  of  its  most  important  properties,  namely  its 
dependence  on  distance,  and  to  make  a  ^'  force  "  out  of  Gali- 
leo's gravity  thus  inexactly  and  in  some  relations  most  incor- 
rectly conceived.  Some  such  ideal  force  (No.  III.)  seems 
to  hover  before  the  minds  of  most  writers  on  natural  science 
as  the  original  typo  of  a  "force  of  nature." 

Such  quantitative  determinations  as  hold  good  only  ap- 
proximately and  under  certain  conditions  ought  never  to  be 
employed  to  establish  definitions.  In  a  calculation,  it  is  true, 
we  may  correctly  enough  take  an  arc,  which  is  sufficiently 
small  in  comparison  with  the  radius,  as  equal  in  size  to  die 
sine  or  to  the  tangent ;  but  if  we  attempted  to  use  such  a  rela- 
tion in  settling  first  principles,  we  should  lay  a  foundation  for 
fallacies  and  errors. 

The  Newtonian  idea  of  force,  however,  transplanted  in 
the  manner  that  is  commonly  done  into  the  region  of  element- 
ary science,  is  no  whit  better  than  the  notion  of  a  straight 
curve.  Newton's  force,  or  attraction,  in  specie  gravity,  g,  is 
equal  to  the  differential  quotient  of  the  velocity  by  the  time ; 

dc  ,  .      , 

that  is,  g=-7/    This  expression  is  quite  exact,  but  in  order  to 

understand  and  apply  it  a  knowledge  of  the  higher  mathematp 
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ics  is  required.  Od  the  other  hand,  it  ia  quite  true  that,  so 
loag  OS  WO  have  to  do  only  with  cases  in  which  the  space 
fallen  through  is  so  sniaU  in  comparison  with  the  earth'j  semi 
diameter  thai  it  may  bo  disregarded,  the  equation  just  given 

maj  be  abbreviated  iato  the  very  ix>nvenieut  form  g^=-.  with- 
out any  consiJerable  error ;  but  this  expression  can  never  be 
maihematieully  exact  go  long  as  the  space  fallen  through  has 
any  calculable  magnitude.  But  on  the  strength  of  an  equa- 
tion thus  radically  inacciirale,  there  arc  planted  ia  the  recep 
live  mintl  of  youth  such  false  notions  as — that  gravity  is  a 
anilbrmly  acccleraling  {  ?)  furee,  a  moving  (  ?)  force  whose  ac- 
tion is  proportional  to  the  lime  (  ?)  ;  that  force  is  directly  pro- 
portional (?)  to  the  velocity  produced  ;  and  many  other  like 
errors. 

It  would  certainly  he  a  great  merit  if  authors  of  treatises 
on  physics  would  help  to  remedy  this  state  of  things,  sod  in 
framing  their  definitions  would  start,  only  from  thoroughly 
exact  dclcrmi nations  of  mngnituiles ;  for  elementary  physics 
in  its  present  form,  instead  of  being  n  ncll-gronuded  seiencu, 
tB  only  a  sort  of  half-knowlcdgo,  such  that  on  passing  to  the 
higher  and  strictly  scientific  departments  the  student  uiuat 
try  to  forget  its  principles  and  theorems  as  quickly  as  he  can. 

If  we  have  once  convinced  ourselves  hy  unprejudiceJ 
examination  that  the  retention,  under  that  name,  of  the  con- 
ception of  force  distinguished  above  by  I.  has  nothing  but  its 
orifpn  to  recommend  it,  but  much  to  condemn  it,  tlic  rest  fol- 
lows almost  spontaneously.  It  accords  with  the  laws  of 
thought,  as  well  aa  with  the  common  usage  of  language,  tc 
connect  every  production  of  motion  with  an  txpendituTe  of 
force,     nencc  "force"  ia — 

Sometkmf/  Kkiuh  i»  expended  in  producing  motion ;  and 
tliis  something  which  is  expended  is  to  be  looked  upon  as  a 
Mnse  equivalent  to  the  effect,  namely,  to  (he  motion  pro- 
daeed. 
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This  definition  not  only  corresponds  perfectly  witli  £kctS| 
but  it  accords  as  &r  as  possible  with  that  which  alreadj  ex- 
ists ;  for,  as  I  shall  %how,  it  contains  bj  implication  the  con- 
ception of  force  as  met  with  in  the  higher  mechanics,  and  re- 
ferred to  above  by  IE. 

If  a  mass  M,  originally  at  rest,  while  traversing  tlie  effect- 
ive space  8,  under  the  influence  and  in  the  direction  of  the 
pressure  j9,  acquires  the  velocity  c,  we  have  j98=Mc'.  Sin<Se, 
however,  every  production  of  motion  implies  the  existence  of 
a  pressure  (or  of  a  pull)  and  an  effective  space,  and  also  the 
exhaustion  of  one  at  least  of  these  factors,  the  effective  space, 
it  follows  that  motion  can  never  come  into  existence  except « 
at  the  cost  of  this  product,  j9s=Mc'.  And  this  it  is  which 
for  shortness  I  call  "  force." 

The  connection  between  expenditure  and  pei*formance  (in 
other  words,  the  exhaustion  of  force  in  producing  its  effect) 
presents  itself  in  the  simplest  form  in  the  phenomena  of  grav- 
itation. The  necessary  condition  of  every  falling  motion  b 
that  the  centre  of  gravity  of  the  two  masses  concerned  in  it 
(that  is,  of  the  earth  and  of  the  falling  weight)  should  ap- 
proach each  other.  But  in  the  case  of  the  falling  together  of 
the  two  masses,  the  approach  of  their  centres  of  gravity 
reaches  its  natural  limit,  and  hence  the  production  of  a  fall- 
ing movement  is  thus  bound  up  with  an  expenditure,  namely, 
with  the  exhaustion  of  the  given  falling-space,  and  thereby 
also  of  the  product  of  that  space  into  the  attraction.  The 
falling  down  of  a  weight  upon  the  earth  is  a  process  of  me- 
chanical combination ;  and  just  as  in  combustion  the  capacity 
of  performance  (that  is,  the  condition  of  the  development  of 
heat)  ceases  when  the  act  of  combination  comes  to  an  end,  so 
also  the  production  of  motion  ceases  when  the  weight  has 
fallen  to  its  lowest  position.  The  weight,  when  lying  on  the 
solid  ground,  is,  like  the  carbonic  acid  formed  in  combustion, 
nothing  but  a  caput  mortuum.  The  affinity,  whether  mechan- 
ical or  chemical,  is  still  there  after  the  union  juot  as  much  as 
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before,  and  opposes  a  certjun  resistance  to  the  reduction  ol' 
the  compound;  but  its  power  of  performoacc  (ieisiunjs- 
JdhigkciC)  is  at  OD  end  as  soon  oa  there  is  no  further  available 
felling-spttce. 

Whenorer  the  attrnctton  becomes  isdeliuitcly  small,  or 
ceases  allogcUior,  space  is  no  longer  effoclive  space  ;  and  ihus 
it  follows,  from  ihe  diminDtion  which  graviiy  undergoes  with 
distance,  that  falling-space  is  limited  in  lUe  centrifugal  direc- 
tion also,  and  hence  that  tlie  cause  of  motion  or  "  force  "  is, 
nnder  all  circumstances,  a  finite  magniludo  which  becomes 
exhausted  in  prodacing  its  effect. 

This  fundamental  physical  truth  will  be  most  easily  per- 
ceived when  applied  to  a  special  case  and  reduced  to  figures. 
,  When  a  pound  weight  is  lil\cd  one  foot  from  the  ground,  the 
I   available  force  is,  as  every  one  knows,  =oue  foot-pound.     If 
e  falling-height  of  tliis  wciglit  amounts  to  n  feet,  n  not  be- 
I  isg  a  large  number,  the  force  may  he  taken  as  approximately 
rt  foot-pounds.     But.  supposing  w,  or  tlje  original  distance 
[  of  the  weight  from  the  earth,  to  be  vciy  considerable,  or  in- 
rdeed  infinite,  the  force  (that  is,  the  number  of  foot-pounds) 
■'does  not  by  any  means  thereby  become  infinite,  bnt,  according 
i  to  Newton's  law  of  graritation,  it  becomes  at  most  ^r  foot- 
r  ^unds,  where  r  is  the  number  of  feet  contained  in  the  earth's 
I  Bemidiametcr.     Thus  how  great  soever  the  distance  through 
iirhich  a  weight  falls  against  the  earth,  or  the  time  occupied 
I'ly  iU  fall  may  be,  it  can  acquire  no  higher  final  velocity  than 
I  M,4&0  Paria  feet  per  second.     On  the  other  hand,  were  the 
ass  of  the  earth  four  times  as  great  as  it  is,  its  bulk  rcmain- 
g  the  same,  the  force  would  likowiso  become  four  times  as 
f  great,  and  the  maximum  velocity  would  be  6i^,!)0l3  feet. 

It  is  one  of  the  osaentiols  of  a  good  terminology  that  it 
I  ihonld  pat  ftmdamenlal  facU  of  this  kind  in  a  clear  light ; 
\  flxactly  llie  opposite,  however,  is  done  by  the  nomenclature  at 
I  present  in  use.  A  few  expressions,  employed  by  a  very  meri- 
Ifi 
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torious  naturalist  in  combating  mj  views,  may  Berre  to  sap* 
port  this  assertion. 

^'  Alibougb/'  ho  says,  ''  it  is  quite  true  that  in  nature  no 
motion  can  be  annihilated,  or  that,  as  it  is  conmionlj  ex- 
pressed, the  quantity  of  motion  once  in  existence  continues 
unceasingly  and  without  any  lessening,  and  although  in  this 
sense  the  character  of  indestructibility  belongs  to  eyery  prox- 
imate cause  even,  every  primary  cause,  that  is,  evezy  true 
physical  force,  possesses  the  additional  characteristic  of  being 
inexhaustible.  These  characteristics  will  best  admit  of  being 
unfolded  by  the  closer  consideration  of  gravity,  the  most 
active  and  widely  difiuscd  of  the  natural  forces  (primary 
causes),  which,  as  it  were  the  soul  of  the  world,  indestructi- 
bly and  inexhaustibly  upholds  the  life  of  those  great  masses 
on  whose  motions  depends  the  order  of  the  universe,  while 
requiring  no  food  from  without  to  call  forth  its  ever  renewed 
activity." 

If  these  words  are  intended  to  contain  a  material  contra- 
diction of  the  views  I  have  put  forward,  they  must  be  meant 
to  imply  that,  by  virtue  of  its  being  inexhaustible,  the  attract- 
ive power  of  the  earth  must  be  capable  of  imparting  to  a  fall- 
ing weight,  under  certain  conceivable  circumstances,  an  inlin- 
ite  velocity.  But  our  author  himself  in  several  places  lets  us 
see  that  he  has  a  (quite  well-founded)  mistrust  of  any  so  de- 
cided a  conclusion :  this  is  sho^vn  in  the  following,  among 
other  passages :  "  If  wo  follow  up  the  chain  of  causes  and 
efiects  to  its  first  beginnings,  we  come  at  length  to  the  true 
forces  of  nature,  to  those  primary  causes  whoso  activity  does 
not  require  that  they  should  be  preceded  by  any  others,  which 
ask  for  no  nourishment,  but  which  can  ever  call  forth  new 
motions,  as  it  were,  out  of  an  inexhaustible  soil,  and  can 
uphold  and  quicken  those  that  arc  already  in  being." 

Again :  "  If  the  moon  every  moment  falls,  at  least  vir- 
tually, a  certain  distance  toward  the  earth,  what  is  the  force 
which  the  next  moment  pulls  it  away  again,  as  it  were,  in 
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order  to  give  rise  to  a  now  raOmg  force?  It  ia  precisely  its 
indcstractibilily  and  inexlianstibilitj,  its  power  at  all  times 
Rfld  uoder  all  circumstaacea  lo  bring  about  withont  ceasing', 
at  least  virlually,  the  same  eBecta,  that  is  the  essence  of  every 
true  force  or  primary  cause." 

This  "  as  it  were  "  and  "  at  least  virtiially,"  which  always 
slips  in  at  iho  critical  moment,  atfords  room  for  the  suspicion 
that  our  author  ia  himself  not  quite  confident  of  the  power 
of  his  "  true  natural  causes  "  to  give  rise  to  an  inexliaustible 
amount  of  motion  (of  actual  exertion  of  force]  ;  and  the  in- 
dcfinileness  of  these  expressions  ia  quite  characteristic  of  the 
Protean  part  which  the  force  of  gravity  plays  in  writings  on 
natural  acicncc.  The  most  arbitrary  explanationa  uro  given 
of  this  word,  and  then,  when  fads  no  longer  admit  of  any 
filing  else,  a  rclroat  is  sought  io  the  Ncwtoaian  conccptiuD. 
Gravity  being  called  n  force,  and  at  the  same  lime  tlm 
rm  force  being  connected,  in  accordance  with  the  commoa 
10  of  language,  with  the  conceptiou  of  an  object  capable  of 
producing  motion,  leads  to  the  false  assumption  that  b  mc- 
diauieal  elfoct  (the  production  of  motion)  can  be  produced 
wilhoul  a  corresponding  expouditure  of  a  measurable  ohjcct ; 
and  bore  is  likewise  plainly  the  reason  why  onr  author  could 
neither  keep  clear  in  his  facts  nor  consistent  in  his  reasoning, 
once  the  production  of  motion  out  of  nothing  is  granted, 
annihilalioD  of  motion  must  also  bo  admitted  as  a  cotuo- 
quence ;  and  the  magnitude  of  motion  must,  in  accordancA 
irith  tliia  osstmiption,  bo  simply  proportional  to  the  velocity, 
=jlfi:,  and  the  "tiiianlily  of  motion  once  in  exiatence" 
must  be  =+Me — i/b=0.  But  notwilhatanding  his  '*  inex- 
haustible forces,"  the  writer  leferrod  lo  expressly  declares 
tliat  motion  is  tndcstructibte ;  out,  instead  of  slating  his  opin- 
83  to  what  becomes  of  motion  which  disappears  by  frio- 
tion,  he  says  in  another  place  again  Iliat  it  remains  "  unde- 
cided" whether  the  cQect  of  a  force  (the  amonnl  of  motion 
produced  by  it)  is  measured  by  the  firat  or  by  the  second 
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power  of  the  veloci^  (that  is,  whether  it  is  or  is  not  d^ 
stractible) :  he  even  appears,  from  repeated  expressions,  to 
hold  it  possible  that  a  given  qnanti^  of  heat  can  prodooe  mo- 
tion <id  infinitum  1  If  snch  were  the  case,  it  would  certainly 
be  useless  to  consider  the  convertibili^  of  these  magni- 
tudes :  the  ground  would  rather  have  been  won  for  the  contact 
theory. 

The  polemics  of  my  respected  critic,  whom  I  have  here 
introduced  as  the  representative  and  spokesman  of  prevailing 
views,  and  to  whom  I  feel  that  my  sincere  thanks  are  dne  for 
his  attentive  examination  of  my  first  publication,  i^pear  to 
me  to  be  necessarily  without  result,  inasmuch  as  the  first 
problem  in  combating  my  assertions,  which  all  revolve  about 
the  one  point  of  an  invariable  quantitative  relation  between 
heat  and  motion,  must  be  to  find  out  that  this  relation  is  va- 
riable, and  in  what  cases.  Formal  controversy  without  a 
material  basis  is  only  beating  the  air ;  and  as  to  what  relates 
specially  to  the  questions  about  force,  the  first  point  to  coo- 
sider  is,  not  what  sort  of  thing  a  "  force "  is,  but  to  what 
thing  we  shall  give  the  name  "  force."  Backwards  and  for- 
wards talk  about  gravity  is  fruitless,  since  all  who  imderstand 
the  matter  are  agreed  as  to  its  nature  ;  for  gravity  is  and  re- 
mains a  differential  quotient  of  the  velocity  by  the  time,  di- 
rectly proportional  to  the  attracting  mass,  and  inversely  pro- 
portional to  the  square  of  the  distance  :  on  this  point  a  final 
decision  was  come  to  long  ago  But  whether  it  is  expedient 
to  call  this  magnitude  a  force  is  quite  another  question. 

Since,  whenever  an  innovation  of  essential  importance  is 
proposed,  the  public  is  so  ready  to  misapprehend,  I  will  here 
state  once  more,  as  clearly  as  I  can,  my  reasons  for  saying 
that  "the  force  of  gravity"  is  an  improper  expression. 

It  is  an  unassailable  truth  that  the  production  of  every 
(idling  motion  is  connected  with  a  corresponding  expenditure 
of  a  measurable  magnitude.  This  magnitude,  if  it  is  to  be 
made  an  object  of  scientific  investigation  (and  why  should  it 
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uot?),  must  Lave  ei  name  gi^'cn  to  it;  anil  in  aecoriluDcc  wilb 
the  logical  ioalioct  of  man,  as  manifcalcU  in  llie  genius  of  Ian* 
guage,  no  other  namo  can  bo  hero  chosen  than  llie  nord 
"  furee."  But  einco  this  csprossion  is  already  used  in  a  quile 
different  sense,  we  might  be  tempted  to  create  for  the  concep- 
tion wliich  is  as  yet — in  the  fundamental  parts  of  ecicnco  at 
least — unnamed  an  entirely  new  name.  But  before  betaking 
ourselves  to  lUis  extreme  coutbc,  wliicli  for  reasons  that  are 
not  far  to  seek  would  be  the  one  whereby  we  sLouId  be 
brought  most  into  confliet  with  existing  usage,  it  is  reasonable 
fo  inqairo  whether  the  word  "  force,"  which  in  itself  answers 
HO  well  to  the  requirements  of  the  cose,  is  in  its  right  place 
where  it  was  first  put  by  the  schools. 

According  to  the  common  custom  of  speech,  we  under- 
Binnd  by  "  force  "  sometliing  moving — a  cause  of  motion ;  and 
if ,  on  the  one  band,  the  exprcsEion  "moving  force"  is  for 
this  reason,  strictly  speaking,  a  pleonasm,  the  notion  of  &  not 
moving  or  ''dead"  force  is,  on  the  other  hand,  a  eontradidio 
in  adjedo.  If  it  be  said,  for  inslance,  that  a  load  which 
prosBCB  with  its  weight  on  the  ground  exerts  thereby  a  force — 
a  force  which,  though  never  80  great,  is  unable  of  itself  to 
bring  about  the  smallest  movement — the  mode  of  conceptioii 
and  of  expression  is  quite  justified  by  scholastic  naage,  but  it 
is  so  far-fetched  that  it  becomes  the  source  of  unnumbered 
misapprehensions. 

Between  gravity  and  the  force  of  gravity  there  is,  so  far 
HA  I  know,  no  difference ;  and  facncc  I  consider  the  second 
expression  unscientific,  inasmuch  oa  it  is  tautological. 

Lei  it  not  bo  objected  that  the  "force"  of  pressure,  the 
"force"  of  gravity,  cohesive  "force,"  Ac,  are  the  higher 
causes  of  pressure,  gravity,  and  the  like.  The  exact  sciences 
are  concerned  with  phenomena  and  measurable  quantities. 
The  first  cause  of  things  ia  Deity — ft  Being  ever  inscrutable 
by  the  iutcllect  of  man ;  while  "  higher  causes,"  "  supersen- 
mous  forces,"  and  the  rest,  with  all  their  consequences,  bo- 
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lonfj^  to  the  delusive  middle  region  of  naturalistic  pLilosophj 
and  mysticism. 

By  a  law  that  is  universally  true,  waste  and  want  go  hand 
in  hand.  If  to  the  case  before  us,  where  this  rule  likewise 
meets  with  confirmation,  we  apply  an  equalizing  process,  and 
take  away  the  word  '^  force  "  from  the  connection  in  which  it 
is  superfluous  and  hurtful,  and  bring  it  to  where  we  are  in 
want  of  it,  we  get  rid  at  one  time  of  two  important  obstacles. 
The  higher  mathematics  at  once  cease  to  be  required  in  order 
to  gain  admittance  into  the  theory  of  motion :  nature  presents 
herself  in  simple  beauty  before  the  astonished  eye,  and  even 
the  less  giiled  may  now  behold  many  things  which  hitherto 
were  concealed  from  the  most  learned  philosophers. 

Force  and  matter  are  indestructible  objects.  This  law,  to 
which  individual  facts  may  most  simply  be  referred,  and 
which  therefore  I  might  figuratively  call  the  heliocentric  stand- 
point, constitutes  a  natural  basis  for  physics,  chemistry,  phys- 
iology, and  philosophy. 

Among  the  facts  which,  though  kno>vTi,  have  been  hith- 
erto only  empirically  established  and  have  remained  isolated, 
but  which  can  be  easily  referred  to  this  natural  law,  is  the  one 
that  electric  and  magnetic  attraction  cannot  be  isolated  any 
more  than  gravity,  or  that  the  strength  of  this  attraction 
undergoes  no  alteration,  so  long  as  the  distance  remains  the 
same,  by  the  intervening  of  indifferent  substances  (non-con- 
ductors). 

Among  facts  which  have  remained  unknown  up  to  the 
most  recent  times,  I  will  refer  only  to  the  influence  which  the 
ebb  and  flow  of  the  tide  exerts,  in  accordance  with  the  known 
laws  of  mechanics,  on  the  motion  of  the  earth  about  its  axis. 
A  fact  of  such  importance,  standing,  as  it  does,  in  close  rela- 
tion with  the  fundamental  law  just  stated,  having  been  able 
to  e8C4ipe  the  attention  of  naturalists,  is  of  itself  a  proof  that 
the  prevailing  system  has  no  exclusive  title. 

For  the  rest,  it  will  not  have  escaped  those  who  are  ao- 
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quainted  with  tko  modem  literatarc  of  science  that  a.  modifi- 
cation of  sciflDtific  language  in  the  sense  of  my  ricwa  ia  act- 
ually beginning  to  take  place.  But  in  matters  of  this  kind 
Uiti  chief  part  of  the  work  must  be  Iuf\  to  timo. 

According  to  what  has  been  said  thus  far,  the  vis  vica  of 
motion  mtiflt  be  called  a  force.  But  since  the  cspregsion  vis 
viva  denotes  in  mechanics,  not  otdy  a  magnitude  which  U 
projiorlional  to  the  mass  and  to  the  square  of  its  velocity,  but 
also  one  which  is  proportional  lo  the  mass  and  to  the  height 
from  which  it  Ima  fuUen,  force  tius  conceived  naturally  di- 
vides itaelf  into  two  very  cosily  diBtinguished  species,  each  of 
which  requires  a  distinct  technical  name,  for  which  tho  words 
motion  {Beiuejunj)  and  failin^foTee  {Fallkra/i')  seem  to  me 
tho  most  appropriato.' 

Hence,  accordiog  to  lliia  definition,  "motion"  is  ftlways 
measured  by  the  product  of  the  moved  muss  into  tlie  ajiwire 
of  tho  velocity,  never  by  the  product  of  the  mass  into  the 
Telocity. 

By  "  Cilling-force  "  we  understand  a  raised  weight,  or  still 
more  generally,  a  distance  in  space  between  two  ponderablo 

[•  Tha  (iiBtinctloQ  here  drawQ  between  "uiolion"  anil  "  Wllng-forec  " 
U  Hie  S»tno  U  thai  maJo  bj  Uftmholti  (Dw  ErhaUang  da-  Kraft.  1841) 
bctwoea  "mt  vita" {l^endijt  Krtifl)ani  "teuMon"  (Spankraft).  TbeEng- 
Ibh  oipreuioiis  "djuiuuiail  energr"  and  "etnUcal  caorgj"  were  used  bj 
Frof.  W.  Thomson  (PhU.  Hug.  S.  toL  ir.  p.  304,  1BB2)  in  tho  same  eense, 
bat  were  iftemTtli  alMadoood  b7  him  in  HivDur  of  ti>e  tcroia  "  nctiud  en- 
wgf"  and  "palcntkl  enc^j "  iatrodiioed  bjProC  Rnakioe.  Uoni  ro- 
OEDIly  ("Oood  Wordi"  for  October,  1802)  Professon  Thotniion  oiul  Tail 
'  bats  emplojed  the  eipnsaion  "kinetic  energy"  in  pInueoF  "actual  pnir- 
The  German  word  Kraft  in  the  text  has  been  uuifarmlj  Iranalatcd 
Jvrct,  to  irUch  term  the  ambignit;  of  the  German  original  has  thos  bceu 
tnnsTerrcd.  Thia  ambiguity,  however,  may  be  avaideii  in  English  by  al- 
Jowing  Um  word  "  force  "  to  retain  the  meaning  wWch  it  IjearB  in  common 
e,  that  is,  to  tleoote  all  reaietftncea  which  it  ro]uires  tho  cieitian  of 
jatr  to  orurcoiue  (whcDCo  the  ciprvadona  gntilating  fortv,  colusive 
0,  Ik.),  and  by  using  the  word  "  energy  "  to  denote  force  bb  defined  bj 
I  »Qrer.-Q.  0.  F.J 
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bodies.  In  many  cases  falling-force  is  measured  with  8iiffi 
cicnt  accuracy  by  the  product  of  the  raised  weight  into  iti 
height;  and  the  expressions  ^'foot-pound,"  '^ kilogramme- 
metre,"  "  horse-power,"  and  many  others,  are  conventional 
units  for  the  measurement  of  this  force,  which  have  of  late 
come  into  general  use,  especially  in  practical  mechanics.  But 
in  order  to  find  the  exact  quantitative  expression  for  the  mag^ 
nitude  in  question,  we  must  consider  (at  least)  two  masses 
existing  at  a  determinate  distance  from  each  other,  which  ac- 
quire motion  by  mutually  approaching ;  and  wo  must  investi- 
gate the  relation  which  exists  between  the  conditions  of  the 
motion,  namely,  the  magnitude  of  the  masses  and  their  orig> 
inal  and  final  distance,  and  the  amount  of  motion  produced. 

It  very  remarkably  happens  that  this  relation  is  the  sim- 
plest conceivable  ;  for,  according  to  Newton's  law  of  gravita- 
tion, the  quantity  of  motion  produced  is  directly  proportional 
to  the  masses  and  to  the  space  through  which  they  fall,  but 
inversely  proportional  to  the  distances  of  the  centres  of  grav- 
ity of  the  masses  before  and  after  the  movement.  That  is, 
if  A  and  B  are  the  two  masses,  c  and  c'  the  velocities  which 
they  respectively  acquire,  and  h  and  h'  their  original  and  final 
distances  apart,  we  have 


h.h 


or  in  words,  the  falling-force  is  equal  to  the  product  of  the 
masses  into  the  space  fallen  through  divided  hy  the  two  distances. 
By  help  of  this  theorem,  which,  as  will  be  easily  seen,  is 
tiothing  but  a  more  general  and  convenient  expression  of 
Newton's  law  of  gravitation,*  the  laws  of  the  full  of  bodies 


*  Newton's  formula  relates  to  the  particular  case  in  which  the  two  d'liu 
tances  (the  initial  and  the  final  distance)  are  ccpial,  so  tliat  their  product 
becomes  a  square.  In  this  case,  however,  both  the  space  fallen  thi-ough 
tnd  the  velocitj  booome  nought  *  -^'^  ^ctncc,  when  this  cxprcstfion  has  to 
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from  cosmical  elevaliotis,  and  also  tLo  general  laws  of  central 
motions,  can  bo  developed  without  its  being  needi'ul  to  employ 
equations  of  more  than  the  second  degree. 

Huviog  now  become  acquainted  with  two  species  of  force- 
motion  and  falling-force — wc  can  arrive  at  a  conception  of  "  a 
force"  in  general,  according  to  the'  well-known  rule,  by  &il- 
lectiug  together  the  common  characteristics  of  the  two  spe- 
cies. To  this  end,  we  must  consider  the  properties  of  these 
objects  somewhat  more  closely.  Their  moat  important  prop- 
erty depends  on  their  mutiial-  relation.  Whenever  a  given 
quantity  of  falling  force  disappears,  motion  is  produced  ;  and 
by  tlic  expenditure  of  this  latter,  the  falling-force  can  bo  re- 
produced in  its  original  amount. 

This  constant  proportion  which  exists  between  falling- 
force  and  motion,  and  in  known  in  the  higher  mechanics  un- 
der the  name  of  "  the  principle  of  the  consorvation  of  vm 
viva,"  may  be  shortly  and  fitly  denoted  by  the  term  "  trana- 
formalion"  {Uinwandlvng) .  For  instance,  we  may  say  that 
a  planet,  in  passing  from  its  aphelion  to  its  perihelion,  trans- 
forms  a  part  of  its  falling-force  into  motion,  and,  as  it  moves 
away  from  the  sun  again,  changes  a  part  of  its  motion  into 
falling-force.  In  using  the  word  "transform"  in  this  sense, 
nothing  clac  can  or  is  intended  lo  be  expressed  but  a  constant 
numerical  ratio. 

But  it  follows  from  the  axiom  mentioned  at  page  320,  that 
tlie  production  of  a  dctiuitc  quantity  of  motion  from  a  given 
quantity  of  falling-force,  and  n'ce  vitrstl,  implies  Ihnt  neither 
falling-force  nor  motion  can  be  aDnQiilatod  either  totally  or  in 
part.     Vf'e  thus  obtain  the  following  definition  : 

Fofvx  are  trantformahle,  indtttructible,  and  (in  contradis- 

bo  tukea  u  the  glaniug-point  for  t!ie  calculutioa  of  real  velocities,  nuLthe- 
in>li«al  irliHwB  bvcome  nrci^ssHrf  whicli  arc  iiuiduiidBibiD  ia  the  flaaenUr; 
bruiclie*  of  Bcicnce. 
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tinction  from  matter)  imponderable  objects.     (Conf.  paper  al  • 
ready  quoted,  pp.  828,  329.) 

It  IS  easy  to  see  that  this  definition  embraces,  among  other 
things,  the  fact  that  the  motion  which  disappears  in  mechani- 
cal processes  of  different  kinds  bears  a  constant  relation  to 
the  heat  thereby  produced,  or  that  motion  is  convertible,  as 
an  indestmctible  magnitude,  into  heat.  Thus  heat  is,  like  mo- 
tion, a  force ;  and  motion,  like  heat,  an  imponderable. 

I  have  characterized  the-  relation  which  various  forces 
bear  to  one  another  by  saying  (Phil.  Mag.  S.  4,  voL  xxiv.  p. 
252)  that  they  are  ^^  different  forms  under  which  one  and  Uie 
same  object  makes  its  appearance."  At  the  same  time  I 
have  expressly  guarded  myself  from  making  the  certainly 
plausible,  but  unproved,  and,  as  it  seems  to  me,  hazardous  de- 
duction that  thermal  phenomena  are  to  be  regarded  as  merely 
phenomena  of  motion.  The  following  is  what  I  said  upon 
this  point  {loc,  cit.)  p.  376 : 

"  But  just  as  little  as  the  connection  between  falling-force 
and  motion  authorizes  the  conclusion  that  the  essence  of  fall- 
ing-forec  is  motion,  can  such  a  conclusion  be  adopted  in  the 
case  of  heat.  We  are,  on  the  contrary,  rather  inclined  to 
infer  that  before  it  can  become  heat,  motion — whether  simple, 
or  vibratory  as  in  the  case  of  light  and  radiant  heat,  &c. — 
must  cease  to  exist  as  motion." 

The  relation  which,  as  we  have  seen,  subsists  between 
heat  and  motion  has  regard  to  quantity,  not  to  quality  ;•  for 
(to  borrow  the  words  of  Euclid)  things  which  are  equal  to 
one  another  are  not  therefore  similar.  Let  us  beware  of  leav- 
ing tlic  solid  groimd  of  the  objective,  if  we  would  not  entan- 
gle ourselves  in  difficulties  of  our  own  making. 

In  the  mean  time  it  at  least  results  from  the  fore;roin;r 
considerations  that  the  phenomena  of  heat,  electricity,  and 
magnetism  do  not  owe  their  existence  to  any  particular  fluids  ; 
and  the  immateriality  of  heat,  asserted  half  a  century  ago  by 
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RiimfurJ,  becomes,  throngh  the  discoTcry  of  its  mceJiauictil 
equivalent,  a  certainty. 

The  form  of  force  denoted  by  the  name  "heat"  is  plainly 
not  einglc,  but  includes  several  distinct,  tbough  mutually 
cquiv&Ient,  objects,  three  principal  forms  of  which  are  diatin- 
gniabed  in  common  language  :  namely,  I.  Radiant  Heat ;  IT. 
Free  (sensible)  Heat,  Specific  Heat ;  and  HI.  Latent  Heat. 

Tliero  can  be  no  doubt  that  radiant  heat  must  be  regarded 
as  a  phenomenon  of  motion,  especially  since  tlie  recent  detec- 
tion of  phenomena  of  iolerfcrenec  ia  tlie  radiatioo  of  heat. 
But  whether  there  really  oxisle,  as  is  commonly  assumed,  a 
peculiar  lellier,  of  whiuh  liie  vibratory  motion  ia  perceived  by 
'DB  as  radiant  heat,  or  whether  the  scat  of  lliis  motion  ia  the 
particles  of  maloTisl  bodiea,  is  a  question  that  is  not  yet  made 
Mt. 

Still  greater  obscnrity  hangs  about  tho  essential  nature  of 
■pccifie  heat,  or  what  goes  on  in  the  interior  of  a  heated  biHly. 
Kot  only  docs  tho  imanawcred  question  of  tho  lether  entei 
again  hero,  bnt,  before  we  can  be  in  a  position  to  form  any 
dear  ideas  on  lliis  subject,  wo  require  to  havo  an  exact  knowl- 
edge of  the  internal  constitution  of  matter.  We  are,  how- 
ever, still  far  from  having  reached  this  point ;  for,  in  particu- 
lar, Wd  do  not  know  whether  snch  things  as  atoms  exist — that 
{s,  whether  matter  consists  of  such  constituents  as  undergo  no 
fiirlhcr  change  of  form  in  chemical  procossea. 

But  a  span  of  that  time  which  strotehes  both  backwards 
and  forivards  into  eternity  is  meted  out  to  man  here  on  earth, 
and  the  apace  which  his  foot  can  tread  is  narrowly  bounded 
above  and  below :  so  also  his  sdentifiu  knowledge  finds  nai- 
nral  limils  in  the  direcHon  of  the  infinitely  small  as  well  as  of 
the  infinitely  groat.  The  question  of  atoms  seems  to  me  to 
lead  beyond  iheso  limits,  and  hence  I  consider  it  unpractical. 
An  atom  in  ilaelf  can  no  more  become  an  object  of  our  inves- 
tigation than  a  diflcrential,  notwithstanding  that  the  raiio 
which   such  immensely  small  auxiliary  magnitudes  bear  to 
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one  another  may  be  represented  by  concrete  nmnbers.  In 
every  case,  however,  the  conception  of  an  atom  must  bo  re- 
garded as  merely  relative,  and  most  be  considered  in  connee- 
tion  with  some  definite  process ;  for,  as  is  well  known,  the 
particles  of  an  acid  and  base  may  play  the  part  of  atoms  m 
the  formation  and  decomposition  of  a  salt,  while  in  another 
process  these  atoms  may  themselves  midergo  farther  division. 

But  assuming  that,  in  a  chemical  sense,  atoms  have  a  real 

existence — an   assumption  which,  among  other  things,  the 

laws  of  isomorphism  certainly  render  probable— the  further 

question  arises  whether,  by  the  continued  division  of  matter, 

we  can  at  last  arrive  at  mplecules  which  are  atoms  in  relation 

to  the  phenomena  of  heat,  such  that  heat  cannot  penetrate  to 

their  interior,  and  such  that,  when  the  whole  mass  is  heated, 

they  for  their  parts  undergo  no  increase  of  bulk.     But  since 

•«vc  arc  unable  to  grapple  with  such  preliminary  questions  as 

hese,  we  are  forced  to  confess  that,  whether  the  existence  of 

•n  aether  and  of  atoms  be  admitted  or  not,  we  are,  so  far  as 

»gard8  the  nature  of  specific  heat,  in  a  state  of  ignorance. 

The  expression  "latent  heat"  has  reference  to  its  correctly 
ecognizcd  property  of  indestructibility.  In  all  cases  in  which 
iicrmometrically  sensible  specific  heat  disappears,  it  must  be 
assumed  that  it  eludes  our  perception  only  by  taking  on  some 
other  state  of  existence,  and  that  by  au  appropriate  process 
of  inverse  transformation  the  free  heat  can  be  reproduced  in  its 
original  amount.  These  are  the  facts  on  which  the  doctrine 
of  latent  heat  rests ;  and  hence,  if  we  have  regard  to  them 
only,  all  the  connected  phenomena  may  be  claimed  as  so  many 
confirmations  of  the  principle  of  the  transformation  and  con- 
servation of  force. 

The  conception  of  latent  heat  is  accordingly  nothing  else 
than  the  conception  of  something  equivalent  to  free  heat,  and 
thus  the  doctrine  of  free  and  specific  heat  embraces  pretty 
nearly  the  whole  domain  of  physics.  A  few  examples,  cho- 
sen from  among  the  abuinhuice  of  facts,  may  serve  to  show 
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how,  aewrding  to  my  view,  the  phenomena  wherein  heat  be- 
comes laleiit  are  to  be  regarded, 

li'  beat  is  conjuuaicaled  to  b  gas  rclamed  under  constanl 
pressure,  the  free  beat  of  llie  gas  is  increased,  and  at  (ho 
eunie  time  a  calculablo  qaantity  of  heat  becomes  latent;  Iba 
gas  ia  thereby  caused  to  expand,  and.  tbor»  is  conseqneitly 
produced  fto  amount  of  vis  vica  proportional  to  the  prcMure 
o  tbe  space  tbrougb  which  expansion  takes  place.  There- 
fore as  soon  Aa  we  know  how  much  of  the  heat  that  has  be- 
come bitoat  is  to  be  attributed  to  the  expansion  of  the  gas,  we 

'  know  also  the  amount  of  the  remainder  of  the'  latent  heat 
corresponding  to  the  vis  viva  produced.  Now  Gay-Lussac 
lias  proved  bj  experiment  that  the  specific  hoot  of  a  gns  un- 
dergoes no  sensible  alteration  in  flowing  from  a  containing  ves- 

'  wl  into  a  vacuum.  Hence  it  follows  that  a  gnseous  body  op- 
poses no  perceptible  resistance  to  the  separation  of  its  parti- 
cles, and  that  the  rarefaction  of  a  gas  does  not  of  iteclf  (that 
is,  when  it  occurs  without  any  evolution  of  force)  cause  any 
beat  to  become  latent.     The  total  quantity  of  beat  which  bc- 

■  oomes  latent  by  the  expansion  of  a  gas  is  therefore  to  be  taken 
as  tbe  equivalent  of  the  vU  viva  produced. 

It  results  from  the  principle  of  the  indestructibility  of 
beat^— a  principle  which  no  one  calls  in  question — that  the 
qaantity  of  heat  which  boa  thus  become  latent  must  again 
become  free  when  heat  is  in  any  way  produced  at  the  expeniiu 
of  the  acquired  t^  viva  of  inolion.  Motion  is  latent  hcul, 
and  heat  is  latent  motion. 

i  celebrated  law  of  Dulong,  tliat  tbe  amount  of  iieal 
produced  by  tJie  compression  of  a  gaa  is  dependent  on  the 
mount  of  force  expended,  and  not  upon  the  chemical  nature, 
fcQBion,  or  temperature  of  the  gas,  is  a  special  application  of 
tlic  above  general  principle.  But  in  the  communication  so 
often  menllonod  I  have  shown  that  this  law  of  nature  ia  capa- 
ble of  a  very  much  wider  application,  and  tliat  lliu  heat  wbicli 
becomes  latcQt  in  the  oxpansios  of  a  gas  reappears  again  in 
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every  case,  if  the  vis  viva  thereby  produced  is  employed  to 
generate  heat,  whether  by  the  compression  of  air,  by  friction, 
or  by  the  impact  of  nonelastic  bodies;  and  I  have  there 
calculated  the  mechanical  equivalent  of  heat  upon  principles 
of  which  the  accuracy  cannot  be  disputed.  I  also  measured 
at  that  time,  by  way  of  control,  the  heat  produced  in  the 
manufacture  of  paper  in  Holland,  and  compared  it  with  the 
working  forciB  expended,  and  so  found  a  sufficient  degree  of 
concordance  between  the  two  quantities.  I  have  recently, 
moreover,  succeeded  in  constructing,  for  the  purpose  of  the 
direct  determination  of  the  mechanical  equivalent  of  heat,  a 
very  simple  thermal  dynamometer  on  a  small  scale,  with 
which  the  truth  of  the  principle  in  question  can  be  demon- 
strated ad  oculos ;  and  I  have  reason  to  believe  that  the  effi- 
ciency of  water-wheels  and  steam-engines  might  be  easily  and 
advantageously  measured  by  means  of  a  similar  calorimoto- 
rial  apparatus.  It  must,  however,  be  left  to  the  future  judg- 
ment of  practical  men  to  decide  whether,  and  to  what  extent, 
this  method  deserves  to  be  preferred  to  Prony's. 

Heat  further  becomes  latent  in  certain  changes  of  the  state 
of  aggregation  of  bodies.  Since  it  is  a  settled  fact  that  both 
solid  and  liquid  bodies  oppose  a  certain  resistance  to  the  sep- 
aration of  their  parts,  and  since  in  general  an  expenditure  of 
vis  viva  is  required  for  the  overcoming  of  mechanical  resist- 
ances, we  are  led  to  conclude  d  priori  that  whenever  the  cohe- 
sion of  a  body  is  diminished  or  done  away  with,  force  or  heat 
must  become  latent ;  and  this,  as  is  well  known,  perfectly 
accords  with  experience. 

Starting  from  this  point  of  view,  the  French  physicist 
Person  has  attempted  to  detect  a  direct  quantitative  relation 
between  the  latent  heat  of  metals,  on  which  he  has  made  a 
great  number  of  observations,  and  their  colicsion  ;  but  at  pres- 
ent determinations  of  this  kind  are  besot  with  almost  insur- 
mountable difficulties. 

The  heat  which  becomes  latent  in  the  evaporation  of  water 


a&i 
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has  beea  considered  ironi  quite  a  slmilnr  point  uf  vtow  hy 
Uoltzmnon  in  his  important  memoir  "  On  the  Ileal  anil  Klu»- 
ticitf  of  Gases  and  Vapours."  Starling  from  the  princ^ijih' 
Uiat  eleyatioQ  of  temperature  is  equivalent  to  Ihs  raising  of  a 
weight,  this  philosopher  has  liltcwise  colonlaled  the  mechaui' 
cal  equivalent  of  heat  from  the  quantity  of  heat  which  be- 
comes hitont  by  the  expansion  of  a  gas ;  and  he  very  riplitly 
I  of  the  latent  beat  of  sicam  as  made  up  of  two 
parts,  whereof  one,  lite  smaller,  is  cxpeodcd  in  overcoming 
the  opposing  pressure  of  the  atmosphere,  and  can  hence  be 

lily  calcolalcd  by  means  of  the  mechauicol  equivalent  of 
Ileal,  wliilo  tlio  remaining  part,  the  amount  of  which  can  also 
be  calculated,  is  what  Holtzmunn  colls  the  hcut  required  to 
destroy  the  cohesion  of  the  water.  In  all  stcam-cngincB  this 
Utter  portion  is  waited,  and  Holtzmonn  calculates  from  tlioso 

:a  the  superior  efficiency  of  high-prossorc  compared  with 
low-pressure  engines.* 

If  the  view  hero  taken  of  the  latent  heat  of  fusion  and 
ernporotion  is  correct,  heat  must  also  become  latent  when 
hard  bodies  are  reduced  to  powder  ;  and  when  such  aulislances 
pass  into  the  liquid  condition  from  a  slule  of  fine  division, 
Ihcy  must  absorb  a  smaller  quantity  of  heat  than  when  ihcy 
are  liqueiiod  without  previous  comminution,  A  {<iw  cx])cri- 
mcnte  that  I  hare  instituted  in  this  direction  have  not  hitherto 
given  any  deciiiive  result. 

It  is  also  worthy  of  nolice  that  ccrtain-«olid  bodies  which 
arc  capable  of  assuming  allotropic  states,  as,  fur  instance,  the 
oxygen-compounds  of  iron,  cvolvo  a  considerable  quantity  ol 
heat  on  passing  from  a  less  to  a  more  hard  condition.  Huch 
facts,  the  number  of  which  will  doubtless  contiuuoUy  increase 
with  time,  agree  perfectly  witti  tiio  above  principle,  that  dim- 
inntion  of  cohesion  involves  an  tr^pmiditure  of  heat,  and,  nn 
tlie  other  hand,  increase  of  cohesion  a  production  of  heaU 

■  Tbe  engiuM  which  give  the  greatesl  nscfnl  elTcot  miul  Ih?  iIirm  in 
nhlch  the  atcuD  nwdras  ui  atililioa  of  heat  during  iti  cipaOBlon, 
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Customaiy  language,  according  to  which  gravity  is  called 
a  moving  force  and  heat  a  substance,  occasions,  on  the  one 
hand,  the  significance  of  an  important  natoral  object,  falling- 
space,  or  the  space  through  which  a  body  &lls,  to  be  kept  as 
mach  as  possible  oat  of  sight,  and,  on  the  other  hand,  heat  to 
be  removed  to  the  greatest  possible  distance  from  the  vis  viva 
of  motion.  The  sciences  are  thus  reduced  to  an  artificial  sjs- 
tom,  over  whose  fissured  surface  we  can  advance  in  safety 
only  by  the  powerM  aid  of  the  higher  analysis. 

Without  doubt  the  fact  that  so  simple  and  obvious  a  mat- 
tor  as  the  connection  between  hieat  and  motion  could  remain 
unpcrceived  up  to  the  most  recent  times  must  also  be  attrib- 
uted to  the  same  defect.  Nevertheless,  as  has  been  already 
pointed  out,  the  quantitative  determination  of  chemical  heat- 
ing-effects and  of  galvanic  actions,  as  well  as  researches  into 
vital  phenomena,  instituted  in  the  spirit  of  those  of  Licbig, 
must  soon  have  led  to  the  law,  not  difficult  to  discover,  of  the 
equivalence  of  heat  and  motion. 

In  reality  this  law  and  its  numerical  expression,  the  me- 
chanical equivalent  of  heat,  were  published  almost  simulta- 
neously in  Germany  and  in  England. 

Starting  from  the  fact  that  the  amount  of  chemical  as  well 
as  of  galvanic  effect  is  dependent  only  and  solely  on  the 
amount  of  material  expenditure,  the  celebrated  English  phys- 
icist Joule  was  led  to  the  principle  that  the  phenomena  of 
motion  and  of  heat  rest  essentially  upon  one  and  the  same 
foundation,  or,  as  he  expressed  himself,  in  the  same  way  as  I 
have  done,  heat  and  motion  are  transformable  one  into  the 
other. 

Not  only  did  this  philosopher  indisputably  make  an  inde- 
pendent discovery  of  the  natural  law  in  question,  but  to  him 
belongs  the  credit  of  having  made  numerous  and  important 
contributions  towards  its  further  establishment  and  develop- 
ment. Joule  has  sliown  that  when  motion  is  produced  by 
means  of  electro-magnetism,  the  heating  effect  of  the  galvanic 
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current  ia  diminished  in  a  eorrespoadiiig  and  fixed  proportion. 
He  lias  furtUor  ascertained  that  by  roverBing  the  poles  of  a 
ma^elic  bar  a  quantity  of  beat  is  produced  proportional  lo 
the  sqaare  of  the  magnetic  tension — a  fact  which  was  also 
diflcovercd  by  myself,  though  at  a  lat«r  date.     In  parlioular, 
Joule  has  likewise  demonstrated,  by  means  of  numerous  ex- 
periments, that  the  heat  evolved  by  friction  under  various  cir- 
I   cumslancos  stands  in  an  nnvarjlng  proportion  to  ibe  amount 
I  of  force  expended.     According  to  hia  most  recent  expcrimente 
[  of  this  kind,  ho  has  fixed  the  mecUanical  equivalent  of  heat 
f  »t423.» 

i  Joule  has  likewiaa  investigated  experimen tolly,  in  relation 
I  lo  this  qaostion,  the  thermal  behaviour  of  elastic  lluids  when 
I  expanded,  and  boa  thereby  confirmed  the  earlier  reaulla  of 
t  Other  physicists. 

I  The  new  subject  soon  began  to  excite  the  attention  of 

I  learned  men  ;  but  inasmuch  as  both  at  home  and  abroad  the 
Buhjcct  has  been  exclusively  treated  as  a  foreign  discovery,  I  ■ 
[  find  myself  compelled  to  make  the  claims  lo  which  priority  en- 
I  titles  me  |  for  although  the  few  investigations  which  I  hove 
I  ^vcn  to  the  public,  and  which  have  almost  disappeared  in  the 
I    flood  of  communications  which  every  day  sends  forth  without 
,    leaving  a  trace  behind,  prove,  by  the  very  form  of  their  pub- 
lication, that  I  am  uot  one  who  hankers  after  cBect,  it  is  not 
therefore  to  be  ostjumed  that  I  am  willing  to  be  deprived  of 
,   intoUectual  property  which  documentary  eviilcnco  proves  to 
I   bommc. 

[  By  help  of  itie  muchauical  i^quikalcnt  of  hi-at  many  jtrob- 
[  loms  can  bo  solved  which,  without  it,  could  not  be  attacked  ut 
I  fell :  among  them,  the  calculation  of  the  thermal  effect  of  the 
I  fklling  (ogulhcr  of  cosmical  masses  may  be  especially  men- 
I  doQod.  It  will  not  be  out  of  place  to  indicate  here  briefly  ■ 
I  ,|bw  results  of  such  calculations. 
K  ■  That  ia,  1  tlicrmul  unit^l23  kilogrnnunctrGa. 
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Tho  following  is  one  problem  of  this  kind.  It  is  assnmed 
that  a  cosmical  body  enters  the  atmosphere  of  our  eartli  with 
a  velocity  of  four  geographical  miles  per  second,  and  that,  in 
consequence  of  the  resistance  which  it  here  encounters,  it 
loses  so  much  of  its  t^  viva  of  motion  that  its  remaining  ye* 
locity  when  it  again  quits  the  atmosphere  amounts  to  three 
miles :  the  question  now  arises,  How  great  is  the  thermal 
effect  which  accompanies  this  process  ? 

A  simple  ccdculation,  based  upon  the  mechanical  equiva- 
lent of  heat,  shows  that  the  quantity  of  heat  required  is  about 
eight  times  as  great  as  the  heat  of  combustion  of  a  mass  of 
coal  of  equal  weight  with  the  body  in  question,  one  kilo- 
gramme of  coal  being  taken  as  yielding  6,000  thermal  units. 
Hence  it  follows  that  the  velocity  of  the  motion  of  shooting- 
stars  and  fire-balls,  which,  as  is  well-known,  attains,  accord- 
ing to  astronomical  observations,  to  from  four  to  eight  miles, 
is  a  cause  fully  sufficient  to  produce  the  most  violent  evolution 
of  heat,  and  an  insight  into  the  nature  of  these  remarkable 
phenomena  is  thereby  afforded  to  us.* 

The  following  is  a  problem  of  a  similar  kind :  if  two  cos- 
mical masses,  moving  in  space  about  their  common  centre  of 
gravity,  were  by  any  cause  whatever,  for  example  by  the  re- 
sistance of  the  surrounding  medium,  caused  to  fall  together, 
the  question  again  arises,  How  great  is  the  thermal  effect  cor- 
responding to  this  process  of  mechanical  combination  ? 

Even  though  the  elements  of  the  orbits  (that  is,  their  cx- 
ccntricity)  may  bo  unknoTvn,  wo  can  nevertheless  calculate 
from  the  given  weight  and  volume  of  the  masses  in  question 
the  maximum  and  the  minimum  of  tlie  required  effect.  Thus 
let  it  be  supposed,  for  the  sake  of  an  example,  that  our  earth 
had  been  divided  into  two  equal  globes  which  had  united  in 

*  The  idea  that  the  meteors  here  referred  to  owe  thrlr  light  to  a  me- 
shanical  process — whether  friction,  or  the  compression  of  the  air — ^is  not 
new ;  but  without  a  knowledge  of  the  mechanical  equivalent  of  heat  it 
could  have  no  scientific  foundation. 
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r  described ;  calculation  teaches  ua  that  the  nmoiinl 
of  lieaC  wliieh  would  have  been  evolved  in  Buch  a  case  would 
considerably  exceed   tliat  which  an  equal  weight  of  matter 
could  furniah  by  the  most  intense  process  of  chemical  action. 
It  is  more  than  probable  that  the  earth  has  come  into  es- 
Utcuce  in  some  such  way,  and  thai  in  conscqucuco  our  sun,  as 
Been  from  the  distance  of  llio  fixed  stars,  eodiibited  at  that 
epoch  a  transient  burst  of  light.     But  what  took  place  in  our 
solar  system  perhaps  millions  of  years  ago,  still  goes  on  at 
the  present  time  here  and  there  among  the  iised  stars ;  and 
,  the  transient  appearance  of  stars,  which  in  some  cases,  liko 
1  celebratitd  star  of  Tycho  Braho,  have  at  first  an  extraor- 
dinary degree  of  briUiaace,  may  he  eatisfaclorily  explained 
I   by  assuming  the  fulling  together  of  previonsly  invisible  double 
ars. 
Contrasting  with   such  explosive  bursts  of  light   is  the 
I  steady  radiation,  shown  conlinnously  through  enormous  pe- 
1  liods,  by  the  greater  nnmber  of  fiscd  stars,  and  among  them 
I  t^  our  sun.     Do  these  appearances,  which  in  so  special  a 
r  tempt  to  higher  speculations,  constitute  a  real  cxcep- 
.  tion  to  the  exhaustion  of  a  canse  in  producing  its  efiect,  whidi, 
I  bi  accordance  with  the  foregoing  considc rations,  we  have  re- 
I  garded  as  an  established  luw  of  N^atnre?  or  docs  the  smalt 
a  of  human  knowledge  authorize  as  in  supposing  thai  here 
I  also  there  is  an  equivalence  between  pcrformauco  and  cxpcn- 
[  diturc,  and  in  searching  for  the  conditions  of  that  equivalent? 
To  enter  further  ujton  this  subject  would  lead  us  beyond 
L  Uio  intended  scope  of  this  publication ;  and  I  therefore  cIofc 
L  in  tile  hope  that  the  reader  will  ]ileiiso  to  supplement  by  liia 
[  owu  reflection  much  that  ta  this  tract  lins  been  left  misaid. 
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OONSEEVATION  OF   FOROE. 


Bt  Dr.  FABADAT. 


Michael  Faraday,  son  of  a  snuth,  was  bom  in  London  in  1701.  He 
was  taught  reading,  writing,  and  arithmetic  at  a  day-school,  and  in  all  other 
things  educated  himself.  At  thirteen  he  was  apprenticed  to  a  bookbindei^ 
choosing  this  vocation  in  order  to  be  among  books.  He  was  early  fond  of  ex- 
periment, and  averse  to  trade ;  and  being  taken  to  hear  some  lectures  of  Sir 
Humphrey  Davy  at  the  Royal  Institution,  he  resolved  to  pursue  sd^ioe,  and 
wrote  to  Davy  asking  his  assistance  in  obtuning  a  place.  Davy  favored  his 
application,  and  in  1818,  at  the  age  of  twenty,  he  was  appointed  asmstant  in 
the  laboratory  of  the  Royal  Institution.  In  1820  he  discovered  the  chloride 
of  carbon,  and  in  1828  effected  tiie  condensation  of  chlorine  and  otiier  gases. 
On  this  account  Davy  became  jealous  of  him,  and  discouraged  the  idea  of 
recommending  him  for  election  to  the  Royal  Society,  which,  however,  took 
place  in  1824.  In  1820,  Oersted  announced  his  celebrated  discovery  of 
electro-magnetism,  and  Faraday  at  once  entered  upon  an  investigation  of  the 
relations  of  magnetism  and  electricity.  In  1831  he  commenced  his  cele- 
brated series  of  Experimental  Researches  in  Electricity,  which  extended  to 
three  volumes,  published  in  1839,  1844,  and  1855.  In  1827  he  published 
his  admirable  work  on  **  Chemical  Manipulations,"  and,  in  1830,  a  valuable 
paper  on  "  The  Manufacture  of  Glass  for  Optical  Purposes."  In  1838  he 
became  Professor  of  Chemistry  in  the  Royal  Institution,  and  he  has  received 
numerous  honors  from  the  learned  societies  of  Europe.  In  1835  he  received 
a  pension  of  £300  a  year,  and  in  1858  the  Queen  allotted  him  a  residence  in 
Hampton  Court  Dr.  Faraday  has  talents  of  a  high  order,  both  as  an  orig- 
inal investigator  and  as  a  lecturer.  Advanced  in  years,  he  has  now  retired  to 
a  considerable  extent  from  active  duty,  but  is  still  in  the  vigor  of  his  powers, 
as  is  shown  by  his  recent  lectures  to  juvenile  audiences  in  the  Royal  Insti- 
tution. 


THE  CONSERVATION  OF  FORCE. 


YARIOUS  circumstances  induce  mo  at  the  present  ini* 
mcnt  to  put  forth  a  caosideration  regarding  tlie  con- 
K'inrvation  of  force.  I  do  not  suppose  tliat  I  eaa  atter  any 
■ilnith  respecting  it  tliat  has  not  already  presented  itself  to  the 

■  Ugti  and  piercing  intellects  which  move  within  the  exulted 
iKgione  of  science  ;  hut  the  course  of  mj  own  investigations 

.d  views  makes  me  think  that  the  conaidemtion  may  he  of 

rvico  to  those  persevering  labottrers  (amongst  whom  I  en- 

avour  to  class  myself)  who,  occupied  in  tlio  comparison  of 

■fbysicol  ideas  with  fundamcnlal  principles,  and  continually 

t.ffiutiiining  and  aiding  themselves  by  csporimciit  and  obscno- 

■  tioKi  delight  to  labour  for  the  advance  of  natnral  knowledge, 
P  and  strive  to  follow  it  into  undiscovered  regions. 

There  is  no  question  whicli  lies  closer  to  tlio  root  of  all 
l^^ysical  knowledge  tlion  that  which  inquires  whether  force 
n  bo  destroyed  or  not.  The  progress  of  the  strict  science 
L  of  modem  times  has  tended  more  and  more  to  produce  the 
feom-iction  that  "force  can  neither  be  created  nor  destroyed;" 
f  and  to  render  dally  more  manifest  the  value  of  the  knowledge 
r  of  that  truth  in  cicperimentol  research.  To  admit,  indeed, 
I  that  force  may  be  destructible  or  can  allogotlicr  disappear, 
I  would  bo  to  admit  that  matter  could  be  uncreated ;  for  we 
|.  know  matter  ouly  by  its  forces ;  and  though  one  of  these  is 
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most  commonlj  referred  to,  namely,  gravity,  to  prove  its 
presence,  it  is  not  because  gravity  has  any  pretension,  or  any 
exemption,  amongst  the  forms  of  force  as  regards  the  princi- 
ple of  comervaiion^  but  simply  that  being,  as  far  as  we  per- 
ceive, inconvertible  in  its  nature  and  unchangeable  in  its  man- 
ifestation, it  offers  an  imchanging  test  of  the  matter  which  we 
recognize  by  it. 

Agreeing  with  those  who  admit  the  conservation  of  force 
to  be  a  principle  in  physics,  as  large  and  sure  as  that  of  the 
indestructibility  of  matter,  or  the  invariability  of  gravity,  I 
think  that  no  particular  idea  of  force  has  a  right  to  unlimited 
or  unqualified  acceptance  that  does  not  include  assent  to  it ; 
and  also,  to  definite  amount  and  definite  disposition  of  the 
force^  either  in  one  effect  or  another,  for  these  are  necessary 
consequences ;  therefore  I  urge,  that  the  conservation  of  force 
ought  to  be. admitted  as  a  physical  principle  in  all  our  hypoth- 
eses, whether  partial  or  general,  regarding  the  actions  of  mat- 
ter. I  have  had  doubts  in  my  own  mind  whether  the  consid- 
erations I  am  about  to  advance  are  not  rather  metaphysical 
than  physical.  I  am  unable  to  define  what  is  metaphysical  in 
physical  science ;  and  am  exceedingly  adverse  to  the  ea^y  and 
unconsidered  admission  of  one  supposition  upon  another,  sug- 
gested as  they  often  are  by  very  imperfect  induction  from  a 
small  number  of  facts,  or  by  a  very  imperfect  observation  of 
the  facts  themselves ;  but,  on  the  other  hand,  I  think  the  phi- 
losopher may  be  bold  in  his  application  of  principles  which 
have  been  developed  by  close  inquiry,  have  stood  through 
much  investigation,  and-  continually  increase  in  force.  For 
instance,  time  is  growing  up  daily  into  importance  as  an  ele- 
ment in  the  exercise  of  force.  The  earth  moves  in  its  orbit 
in  time ;  the  crust  of  the  earth  moves  in  time  ;  light  moves  in 
time ;  an  electro-magnet  requires  time  for  its  charge  by  an 
electric  current ;  to  inquire,  therefore,  whether  power,  acting 
either  at  sensible  or  insensible  distances,  always  acts  in  iime^ 
is  not  to  be  metaphysical ;  if  it  acts  in  time  and  across  space, 
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it  most  act  hy  physical  lines  of  force ;  and  oar  view  of  tliQ 
nature  of  Uie  force  may  be  alfectcil  to  the  extrcniest  degree 
by  llio  condusiona  which  experiment  and  obscrTation  on  lime 
may  supply ;  being,  perhaps,  finally  determinable  only  by 
tbcra.  To  inquire  after  ibe  possible  time  in  wliich  gravita- 
ting, magnetic,  or  electric  force  ia  exerted,  ia  no  more  meta- 
physical tlian  to  mark  the  times  of  the  lianda  of  a  dock  in 
tbeir  progress  ;  or  that  of  tlio  temple  of  Serapis  and  its  aecenia 
and  descents;  or  the  periotla  of  cho  occullations  of  Jupiter's 
MtlclliUis ;  or  that  in  which  the  light  from  them  comes  to  tjic 
earth.  Again,  in  some  of  tlio  known  caaes  of  action  in  time, 
something  happens  whilat  the  lime  is  passing  wliicli  did  not 
happen  before,  and  doea  not  continue  after  ;  it  is,  therefore, 
not  metaphysical  to  expect  an  oS'ect  in  every  case,  or  to  en- 
deavour to  discover  its  existence  and  determine  its  nature. 
So  io  regard  to  the  principle  of  the  conservation  of  force  ;  I 
do  not  think  that  to  admit  it,  and  ils  consequences,  whatever 
they  may  be,  ia  to  be  metaphysical  ;  on  the  contrary,  if"  that 
word  have  any  application  to  physics,  then  I  think  that  any 
hypothesis,  whether  of  heat,  or  electricity,  or  gravitation,  or 
any  oilier  form  of  force,  which  either  willingly  or  unwil]in;:ly 
dispenses  with  the  principle  of  conservation,  is  mora  liable  to 
the  charge  than  those  which,  by  induding  it,  become  so  far 
more  strict  and  precise. 

Supposing  that  the  truth  of  the  principle  of  the  conservor. 
tion  of  force  ia  assented  to,  I  como  to  its  utea.  No  hypothesis 
should  be  admitted,  nor  any  assertion  of  a  fact  credited,  that 
denies  the  principle.  Ko  view  should  be  inconsialent  or  in- 
compatible with  it.  Many  of  our  hypotheses  in  the  present 
slate  of  science  may  not  comprehoud  it,  and  may  bo  unabli 
to  suggest  ita  conaequcuccs ;  but  none  should  oppose  or  con- 
tradict it. 

If  the  principle  be  admitted,  we  perceive  at  once  that  a 
theory  or  definition,  though  it  may  not  contradict  the  princi- 
ple, cannot  be  accepted  as  sufficient  or  complete  unless  the 
16 
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former  be  contained  in  it ;  that  however  well  or  perfectlj  the 
definition  may  include  and  represent  the  state  of  things  oom- 
monlj  considered  under  it,  that  state  or  result  is  onlj  partialf 
and  must  not  be  accepted  as  exhausting  the  power  or  being 
the  full  equivalent,  and  therefore  cannot  be  considered  as 
representing  its  whole  natu/re  ;  that,  indeed,  it  maj  express  onlj 
a  very  small  part  of  the  whole,  only  a  residual  phenomenon, 
and  hence  give  us  but  little  indication  of  the  Ml  natural  truth. 
Allowing  the  principle  its  force,  we  ought,  in  every  hypothe- 
sis, either  to  account  for  its  consequences  by  saying  what  the 
changes  are  when  force  of  a  given  kind  apparently  disappears, 
as  when  ice  thaws,  or  else  should  leave  space  for  the  idea  of 
the  conversion.  If  any  hypothesis,  more  or  less  trustworthy 
on  other  accounts,  is  insufficient  in  expressing  it  or  incompat- 
ible with  it,  the  place  of  deficiency  or  opposition  should  be 
marked  as  the  most  important  for  examination,  for  there  lies 
the  hope  of  a  discovery  of  new  laws  or  a  new  condition  of 
force.  The  deficiency  should  never  bo  accepted  as  satisfac- 
tory, but  be  remembered  and  used  as  a  stimulant  to  further 
inquiry;  for  conversions  of  force  may  here  be  hoped  for. 
Suppositions  may  be  accepted  for  the  time,  provided  they  arc 
not  in  contradiction  with  the  principle.  Even  an  increased  or 
diminished  capacity  is  better  than  nothing  at  all,  because  such 
a  supposition,  if  made,  must  be  consistent  with  the  nature  of 
the  original  hypothesis,  and  may,  therefore,  by  the  application 
of  experiment,  be  converted  into  a  further  test  of  probable 
truth.  The  case  of  a  force  simply  removed  or  suspended, 
without  a  transferred  exertion  in  some  other  direction,  appears 
to  me  to  be  absolutely  impossible. 

If  the  principle  be  accepted  as  true,  wo  have  a  right  to 
pursue  it  to  its  consequences,  no  matter  what  they  may  be. 
It  is,  indeed,  a  duty  to  do  so.  A  theory  may  be  perfection, 
as  far  as  it  goes,  but  a  consideration  going  beyond  it,  is  not 
for  that  reason  to  be  shut  out.  We  might  as  well  accept  our 
limited  horizon  as  the  limits  of  the  world.     No  magnitude, 
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either  of  the  phenomena  or  of  the  results  to  be  dealt  wth, 
should  stop  our  ejccrtions  to  ascertain,  by  the  use  of  Ihe  prin- 
eiplo,  that  something  remains  to  bo  discovered,  and  to  trace 
in  what  direction  Iljut  discovery  may  lie, 

I  will  endeavour  to  illuslrato  some  of  the  points  which 

have  been  urged,  by  reference,  in  the  first  instance,  to  a.  cuso 

of  power,  which  hna  long  had  great  attractions  for  me,  bo- 

cause  of  its  extreme  simplicity,  its  promising  nature,  its  nm- 

Tersal  presence,  and  in  its  invariability  under  like  circnm- 

Btonces ;  on  whieh,  though  I  have  experimented"  and  as  yet 

r    &iled,  I  think  experiment  would  be  well  bestowed,  I  mean  the 

[   force  of  gravitation.     1  believe  I  represent  the  received  idea 

I   sf  the  gravitating  force  aright  in  saying  that  it  is  a  mmpls  ai- 

I  iractive  force  exerted  between  any  two  or  aU  the  particles  or 

I  maaset  of  matter,  at  every  lensthle  dUtanee,  hut  mlh  a  Btrength 

■  varying  inversely  at  the  equare  of  the  distance.     The  asnal 

n  Idea  of  the  force  implies  direct  action  at  a  distance  ;  and  such 

1  ft  view  appears  to  present  little  difficolty  except  to  Newton, 

I  ud  a  few,  including  myself,  who  in  that  respect  may  bo  of 

I  Bko  mind  with  him. 

I  This  idea  of  gravity  appears  to  mo  to  ignore  entirely  the 
I  principle  of  the  conservation  of  force ;  and  by  the  terms  of 
r  itfl  definition,  if  taken  in  an  absolute  sense,  "  varying  inversely 
r  BS  Ihe  square  of  the  distance,"  to  be  in  direct  opposition  lo  it, 
and  it  becomes  my  duty  now  to  point  out  where  this  contra- 
£clion  occurs,  and  to  use  it  in  illostration  of  the  principle  of 
.  conservation.  Assume  two  particles  of  matter,  A  and  B,  iu 
f  free  space,  and  a  force  in  each  or  in  both  by  which  they  gravi- 
I  tate  towards  each  other,  the  force  being  unalterable  for  an 
[  BneUanging  distance,  bat  varying  inversely  us  the  square  of 
I  tiie  distance  when  the  latter  varies.  Then,  ut  the  distance  of 
L  ten,  the  force  may  be  estimated  as  one ;  wliilat  at  the  distancs 
Lof  one,  that  is,  ono-t«atli  of  the  fonner,  the  force  will  be  one 

W  *  Phil<MMidilaal  Tiamietioiis,  ISSl,  pi  L 
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htindred ;  and  if  we  sappose  an  elastic  spring  to  be  intio* 
duccd  between  the  two  as  a  measure  of  the  attractiFe  force, 
the  power  compressing  it  will  be  a  hmidred  times  as  much  in 
the  latter  case  as  in  the  former.  But  from  whence  can  this 
enormous  increase  of  power  come  ?  If  we  saj  that  it  is  the 
character  of  this  force,  and  content  ourselves  with  that  as  m 
sufficient  answer,  then  it  appears  to  me  we  admit  a  creation 
of  power  and  that  to  an  enormous  amoimt ;  yet  by  a  change 
of  condition,  so  small  and  simple  as  to  fail  in  leading  the  least 
instructed  mind  to  think  that  it  can  be  a  sufficient  cause,  we 
should  admit  a  result  whidi  would  equal  the  highest  act  our 
minds  can  appreciate  of  the  working  of  infinite  power  upon 
matter ;  we  should  let  loose  the  highest  law  in  physical  sci- 
ence which  our  faculties  permit  us  to  perceive,  namely,  the 
conservation  of  force.  Suppose  the  two  particles,  A  and  B, 
rcmpved  back  to  the  greater  distance  of  ten,  then  the  force  of 
attraction  would  be  only  a  hundredth  part  of  that  they  pre- 
viously possessed ;  this,  according  to  the  statement  that  the 
force  varies  inversely  as  the  square  of  the  distance,  would 
double  the  strangeness  of  the  above  results ;  it  would  be  an 
annihilation  of  force — an  effisct  equal  in  its  infinity  and  its 
consequences  with  creation,  and  only  within  the  power  of  Him 
who  has  created. 

We  have  a  right  to  view  gravitation  under  every  form  that 
either  its  definition  or  its  efiects  can  suggest  to  the  mind ;  it 
is  our  privilege  to  do  so  with  every  force  in  nature  ;  and  it  is 
only  by  so  doing  that  we  have  succeeded,  to  a  large  extent,  in 
relating  the  various  forms  of  power,  so  as  to  derive  one  from 
another,  and  thereby  obtain  confirmatory  evidence  of  the 
great  principle  of  the  conservation  of  fbr(»c.  Then  let  us 
consider  the  two  particles,  A  and  B,  as  attracting  each  other 
by  the  force  of  gravitation,  imdcr  another  view.  According 
to  the  definition,  the  force  depends  upon  both  particles,  and  if 
the  particle  A  or  B  were  by  itself,  it  could  not  gravitate,  that 
is,  it  could  have  no  attraction,  no  force  of  gravity.     Suppo»- 
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ing  A  to  exist  in  that  isolated  state  and  without  gi'avitaling 
force,  and  then  B  placed  in  relation  to  it,  graTitalion  cornea 
OD,  as  is  supposed,  on  the  part  of  bolb.  Now,  without  tiy- 
iDg  to  iniagino  Aotc  B,  which  had  no  gravilatiog  force,  can 
raise  up  gravitating  force  in  A ;  and  bow  A,  equally  without 
force  beforehand,  can  raise  np  force  in  B,  stil),  to  imagine  it 
as  a  fact  done,  b  to  admit  a  crcnlian  of  force  in  both  parti- 
cles ;  and  so  to  bring  onrseh-cs  within  the  impossible  conse- 
quences which  have  been  already  referred  to. 

It  may  be  said  we  cannot  have  an  idea  of  one  particle  by 
ilaulf,  and  so  the  reasoning  fails.  For  my  part  I  con  compre- 
hend a  particle  by  itself  jnst  as  easily  ita  many  particles  ;  and 
(bough  I  cannot  conceive  tlio  relation  of  a  lone  particle  to 
graTitatioa,  according  to  tlio  limited  view  whidi  is  at  present 
taken  of  that  force,  I  can  concoivo  its  rdaliiin  to  eomolhing 
wliieh  causes  gravitation,  and  wilh  which,  whether  the  parti- 
cle is  alone,  or  one  of  a.  universe  of  other  particles,  it  is  al- 
ways related.  But  the  reasoning  upon  a  lone  particle  does 
not  fail ;  fur  as  (lie  particles  can  be  separated,  we  can  easily 
conceive  of  llio  porticle  R  being  removed  to  an  infinite  dis- 
tance &om  A,  and  then  the  power  in  A  will  be  infinitely  di- 
minished. Sueh  removal  of  B  will  be  as  if  it  were  annihi- 
lated in  regard  to  A,  and  the  force  in  A  will  be  annihUaled 
at  the  same  time  ;  so  that  the  case  of  a  lone  particle  and  that 
where  <1iH«rcnt  instances  otdy  are  considered  become  one,  be- 
ing identical  with  each  other  in  their  consequences.  And  as 
removal  of  B  to  ua  tnfiaile  distance  is  as  regards  A  annihQa- 
tion  of  B,  so  removal  to  the  smallest  degree  is,  in  principle, 
the  same  tiling  witli  displacement  through  in6i]ite  space  ;  the 
smallest  increase  in  distance  involves  annihilation  of  power ; 
the  annihilation  of  the  second  particle,  so  as  to  liave  A  alone, 
involves  no  other  consequence  in  rulalion  to  grovity ;  there  is 
difibrenee  in  ilegree,  but  no  difference  in  tho  eharaeler  of  the 
resnlt. 

It  eeema  hardly  necessary  to  observe,  that  the  same  line 
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of  thought  grows  up  in  the  mind,  if  we  consider  Hie  motua. 
gravitating  action  of  one  particle  and  manj.  The  particle  A 
will  attract  the  particle  B  at  the  distance  of  a  mile  with  a 
certain  degree  of  force ;  it  will  attract  a  particle  C  at  the 
same  distance  of  a  mile  with  a  power  equal  to  that  bj  which 
it  attracts  B ;  if  myriads  of  like  particles  be  placed  at  the 
given  distance  of  a  mile,  A  will  attract  each  with  equal  force ; 
and  if  other  particles  be  accumulated  round  it,  within  and 
without  the  sphere  of  two  miles  diameter,  it  will  attract  them 
all  with  a  force  varying  inversely  with  the  square  of  the  dis- 
tance. How  are  we  to  conceive  of  this  force  growing  up  in 
A  to  a  million-fold  or  more,  and  if  the  surrounding  pcurtides 
be  then  removed,  of  its  diminution  in  an  equal  degree  ?  Or, 
how  are  we  to  look  upon  the  power  raised  up  in  all  these 
outer  particles  by  the  action  of  A  on  them,  or  by  their  action 
one  on  another,  without  admitting,  according  to  the  limited 
definition  of  gravitation,  the  facile  generation  and  annihilation 
of  force? 

The  assumption  which  we  make  for  the  time  with  regard 
to  the  nature  of  a  power  (as  gravity,  heat,  etc.),  and  the 
form  of  words  in  which  we  express  it,  that  is,  its  definition, 
should  be  consistent  with  the  fundamental  principles  of  force 
generally.  The  conservation  of  force  is  a  fundamental  prin- 
ciple ;  hence  the  assumption  with  regard  to  a  particular  form 
of  force  ought  to  imply  what  becomes  of  the  force  when  its 
action  is  increased  or  diminished,  or  its  direction  changed;  or 
else  the  assumption  should  admit  that  it  is  deficient  on  that 
point,  being  only  half  competent  to  represent  the  force  ;  and, 
in  any  case,  should  not  be  opposed  to  the  principle  of  conser- 
vation. The  usual  definition  of  gravity  as  an  attracilve  force 
hclween  tlw paiiiclcs  of  matter  varying  inversdy  as  the  square 
of  the  distance,  whilst  it  stands  as  a  full  dejinition  of  the 
power,  is  inconsistent  with  the  principle  of  the  conservation 
of  force.  If  we  accept  the  i)rinciple,  such  a  definition  must 
be  an  imperfect  account  of  the  whole  of  the  force,  and  is 
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prvbably  only  a  descripdon  of  one  exorcise  of  that  powc?r, 
wlittlover  tUe  n.ilwro  of  the  force  itself  may  be.     If  the  dcfi 
nilioa  be  accepted  as  tacitlj  including  the  conservatioa  of 
fori;e,  then  it  ought  to  admit  that  consequoncoa   must  OWUT 
during  the  Buapcndcd  or  dimiuishcd  degree  in  its  power  as 
gravitation,  equal  in  importance  to  the  power  suspended  or 
bidden ;  being  in  fact  equivalent  to  that  diminution.     It  ought 
also  to  admit,  that  it  ia  incompeleut  to  suggest  or  deal  with 
any  of  the  consequences  of  that  changed  part  or  condition  of 
the  force,  and  cannot  IcU  whether  they  depend  on,  or  are  re- 
lated to,  conditions  eziemal  or  inler)t(U  to  the  gravitating  par- 
ticle ;  and,  as  it  appears  to  me,  can  say  neither  yes  nor  no  to 
any  of  the  arguments  or  probabilities  bclon^ag  to  the  subject. 
If  Uie  definition  denies  the  occurrence  of  such  contingent 
I  results,  it  sccina  to  me  to  be  onphilosophical ;  il'  it  simply  ig- 
l  ttOTcs  them,  I  thiuk  it  is  imperfect  and  insufficient ;  if  it  ad- 
i  these  tilings,  or  any  part  of  them,  tlien  it  prepares  the 
I  natural  philosopher  to  look  for  effects  and  conditions  as  yet 
I  unknown,  and  is  open  to  any  degree  of  development  of  the 
r  consequences  and  relulions  of  power ;  by  denying,  it  opposes 
I  ft  dogmatic  barrier  to  improremont ;  by  ignoring,  it  becomes 
[  in  many  respects  on  inert  thing,  often  much  in  the  way;  by 
I  admitting,  it  rises  to  the  dignity  of  a  stimulus  to  investigation, 
S  pilot  to  human  science. 

The  principle  of  the  conservation  of  force  would  lead  us 
to  assume,  that  when  A  and  B  attract  each  other  less,  he- 
I  eauso  of  increasing  distance,  then  some  other  exertion  of 
I  power,  either  within  or  without  them,  is  jtroportionatcly  grow- 
I  hg  up  ;  and  again,  that  whoa  their  distance  is  diminished,  as 
I  from  ten  to  one,  the  power  of  attraction,  now  increased  a 
I  hnndrcd-fold,  has  been  produced  out  of  some  other  form  of 
Fpower  which  lias  been  tquivalontly  reduced.  This  oidargod 
t  ABsumption  of  the  nature  of  gravity  is  not  more  metaphysical 
D  the  half  assumption  ;  and  is,  I  believe,  more  philosophi- 
k  Ml  and  more  in  accordance  with  all  physical  oonaideratioos. 
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The  half  assumptaon  is,  in  mj  view  of  tbe  matter,  more  do^ 
matic  and  irrational  than  the  whole,  because  it  leaves  it  to  bt 
understood  that  power  can  be  created  and  destroyed  almost  at 
pleasure. 

When  the  equivalents  of  the  various  forms  of  force,  as  &i 
as  thej  are  known,  are  considered,  their  differences  appear 
very  great ;  thus,  a  grain  of  water  is  known  to  have  electric 
relations  equivalent  to  a  very  powerful  flash  of  lightning.  It 
may  therefore  be  supposed  that  a  very  large  apparent  amount 
of  the  force  causing  the  phenomena  of  gravitation,  may  be 
the  equivalent  of  a  very  small  change  in  some  unknown  con- 
dition of  the  bodies,  whose  attraction  is  varying  by  change  of 
distance.  For  my  own  part,  many  considerations  urge  my 
mind  toward  the  idea  of  a  cause  of  gravity,  which  is  not  res- 
ident in  the  particles  of  matter  merely,  but  constantly  in 
them,  and  all  space.  I  have  already  put  forth  considerations 
regarding  gravity  which  partake  of  this  idea,*  and  it  seems 
to  have  been  unhesitatingly  accepted  by  Newton.f 

There  is  one  wonderftd  condition  of  matter,  perhaps  its 
only  true  indication,  namely,  in  erf ia;  but  in  relation  to  the 
ordinary  definition  of  gravity,  it  only  adds  to  the  difficulty. 
For  if  we  consider  two  particles  of  matter  at  a  certain  dis- 
tance apart,  attracting  each  other  under  the  power  of  gravity, 
and  free  to  approach,  they  will  approach ;  and  when  at  only 
half  the  distance,  each  will  have  had  stored  up  in  it,  because  of 
its  inertia^  a  certain  amoimt  of  mechanical  force.     This  must 

*  Proceedings  of  tho  Royal  Institution,  1855,  vol.  it,  p.  10,  etc 
f  **  That  graTity  should  be  innate,  inherent,  and  essential  to  matter,  so 
that  one  body  may  act  upon  another  at  a  distance,  through  a  vacuum^  with- 
out the  mediation  of  any  thing  else,  by  and  through  which  their  action  and 
force  may  be  conveyed  from  one  to  another,  is  to  me  so  great  an  absurdity 
that  I  believe  no  man  who  has  in  philosopliical  matters  a  competent  fac- 
ulty of  tliinking,  can  ever  fall  into  it.  Gravity  must  be  caused  by  an  agent, 
acting  constantly  according  to  certain  laws ;  but  whether  this  agent  be  ma- 
terial or  immaterial  I  have  left  to  the  consideration  of  my  reader.** — Set 
JSTewUm't  TTdrdLeUerio  BenOey. 
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ba  due  to  the  force  exerted,  and,  if  the  conservatioa  prmciplu 
be  true,  most  have  coiuumed  an  equivaleDt  proportion  of  tliu 
cause  of  attraction ;  and  jet,  according  to  Hie  definition  of 
gravity,  the  attractive  force  is  not  diminished  thereby,  Ixil 
incroafiod  four-fold,  the  force  growing  up  within  itself  the 
more  rapidly,  the  more  it  is  occupied  in  producing  other  force. 
On  the  other  hand,  if  mechanical  force  from  without  be  need 
to  separate  the  porticlca  to  twice  their  dielonco,  this  force  is 
not  dlorod  np  in  momeatum  or  by  inertia,  but  disappears ;  aod 
three-fourths  of  the  attractive  foreo  at  the  liritt  distnuco  disnp* 
pears  with  it.     How  can  this  be? 

"We  know  not  the  physical  condition  or  action  from  which 
inertia  results ;  but  inertia  ie  always  a  pure  cose  of  tlii;  con- 
servation of  force.  It  has  a  strict  relation  to  gravity,  as  ap- 
pears by  the  proportionato  amonnt  of  the  force  which  gravity 
can  communicate  to  the  iuert  body ;  but  it  appears  to  have 
the  same  strict  relation  to  other  forces  acting  at  a  distance  as 
those  of  magnetism  or  electricity,  when  tlicy  are  so  applied 
by  the  tangential  balance  as  to  act  iudi'pendent  of  the  gravi- 
tating forca.  It  has  the  like  strict  relation  to  force  commnni- 
cated  by  impact,  pidl,  or  in  any  other  way.  It  enables  a 
body  lo  take  up  and  conserve  a  given  amoant  of  force  unlil 
that  force  is  transferred  lo  other  bodies,  or  changed  into  on 
equivalent  of  some  other  form ;  Ihot  is  all  that  we  perceive 
in  it ;  and  we  cannot  find  a  more  striking  instance  nmoDgst 
natural,  or  possible  phenomena,  of  the  necessity  of  the  eou- 
Bcnation  of  force  as  a  law  of  nature ;  or  one  more  in  eim- 
Irn^t  witli  tlie  assnmcd  variable  conditioii  of  ttie  gravitating 
for<'o  su[)poBcd  to  reside  in  Ihe  particles  of  matter 

Even  gravity  itself  filnusliea  tlio  stricicst  proof  of  the  con- 
servation of  force  in  this,  thai  its  power  ia  unchangeable  for 
the  same  distance ;  and  is  by  that  in  striking  contrast  vnth 
the  variation  wliicli  we  assume  in  regard  lo  the  cause  of  grav' 
ill/,  to  account  for  ibe  reiults  at  difieri-nt  distances. 

It  will  not  be  imogiiied  for  a  uoment  that  I  am  oppoau^ 
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to  what  maj  be  called  the  law  of  gravitaiing  actionj  thai  is^ 
the  law  by  which  all  the  known  effects  of  gravity  are  gov 
emed ;  what  I  am  considering  is  the  definition  of  Hhe  force  of 
gravitation.  That  the  result  of  one  exercise  of  a  power  may 
be  inversely  as  the  square  of  the  distance,  I  believe  and  ad- 
mit ;  and  I  know  that  it  is  so  in  the  case  of  gravity,  and  has 
been  verified  to  an  extent  that  could  hardly  have  been  within 
the  conception  even  of  Newton  himself  when  he  gave  utter- 
ance to  the  law ;  but  that  the  totality  of  a  force  can  be  em- 
ployed according  to  that  law  I  do  not  believe,  either  in  rela^ 
tion  to  gravitation,  or  electricity,  or  magnetism,  or  any  other 
supposed  form  of  power. 

I  might  have  drawn  reasons  for  urging  a  continual  recol- 
lection of,  and  reference  to,  the  principle  of  the  conservation 
of  force  from  other  forms  of  power  than  that  of  gravitation  j 
but  I  think  that  when  founded  on  gravitating  phenomena, 
they  appear  in  their  greatest  simplicity ;  and  precisely  for  this 
reason,  that  gravitation  has  not  yet  been  connected  by  any 
degree  of  convertibility  witli  the  other  forms  of  force.  If  I 
refer  for  a  few  minutes  to  these  other  forms,  it  is  only  to 
point  in  their  variations,  to  the  proofs  of  the  value  of  the 
principle  laid  down,  the  consistency  of  the  known  phenomena 
with  it,  and  the  suggestions  of  research  and  discovery  which 
arise  from  it.  Heat^  for  instance,  is  a  mighty  form  of  power, 
and  its  effects  have  been  greatly  developed ;  therefore,  assump- 
tions regarding  its  nature  become  useful  and  necessary,  and 
philosophers  try  to  define  it.  The  most  probable  assumption 
is,  that  it  is  a  motion  of  the  particles  of  matter ;  but  a  view, 
at  one  time  very  popular,  is,  that  it  consists  of  a  particidar 
fluid  of  heat.  Whether  it  be  viewed  in  one  way  or  the  other, 
the  principle  of  conservation  is  admitted,  I  believe,  with  all  its 
force.  When  transferred  from  one  portion  to  uiiother  portion 
of  like  matter,  the  full  amount  of  heat  appears.  When  trans- 
ferred to  matter  of  another  kind  an  apparent  excess  or  defi- 
ciency often  results  ;  the  word  "  capacity"  is  then  introduced. 
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wliiuh,  while  it  acknowledges  tlie  principle  of  conservation, 
leaves  space  for  research.  When  employed  in  changing  the 
state  of  bodies,  the  appearuni^e  and  (lisappearance  of  iho  faeat 
ie  provided  for  consislontly  liy  Iho  asHumptioa  of  enlarged  or 
dimiaishod  motion,  or  else  epaco  ia  k'fl  by  the  term  "  capa- 
city" for  the  partial  riows  which  remain  to  be  developed. 
Wlion  converted  into  mechanical  force,  in  the  steont  or  uir 
engine,  and  so  brought  into  direct  contact  with  gravity,  being 
then  easily  placed  in  relation  to  it,  still  the  conservation  of 
force  is  fully  respected  and  woaderfully  sustained.  The  con- 
stant amount  of  heat  developed  in  the  whole  of  a  voltaic  cur- 
rent described  by  M.  P.  Favre,"  and  the  present  state  of  the 
knowledge  of  Ibermo-elcctrieity,  are  again  fine,  partial,  or 
subordinate  illuslrations  of  the  principles  of  conservation. 
Even  when  rendered  radiant,  and  for  the  time  giving  no  trace 
or  signs  of  ordinary  heat  action,  the  assumptions  regarding 
its  nalore  liave  provided  for  the  belief  in  the  conservation  of 
force,  by  admitting  either  that  it  throws  the  other  into  an 
equivalent  state,  in  sustaining  which  for  llio  time  the  power 
is  engaged ;  or  else,  lliat  the  motion  of  the  particles  of  heat 
is  employed  altogether  in  their  own  transit  from  place  to 
place. 

It  is  true  that  heat  of\cn  becomes  evident  or  insensible  in 
a  manner  unknown  to  us  ;  and  we  have  a  right  to  ask  what 
is  happem'ng  when  the  heat  disappears  in  one  part,  aa  of  the 
tliermo-vollaic  current,  and  appears  in  another ;  or  when  it 
enlarges  or  changes  the  Blat«  of  bodies ;  or  what  would  hap- 
pen, jf  the  heat  being  presented,  each  changes  were  purposely 
opposed.  ^T'e  have  a  right  to  ask  those  questions,  but  not  to 
ignore  or  deny  the  conservation  of  force ;  and  one  of  the 
highest  uses  of  the  principle  is  to  suggest  sach  inquiries.  Ex- 
plications of  similar  points  are  continually  produced,  and  will 
be  most  abundant  from  tlio  hands  of  those  who,  not  dcsiriug 

*  Caml«s  Rendas  1834,  voL  xsiix.,  p.  1313. 
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to  ease  their  labour  by  forgetting  the  principle,  are  readj  to 
admit  it,  either  tacitly,  or,  better  still,  effectively,  being  then 
continually  guided  by  it.  Such  philosophers  believe  that  heat 
must  do  its  equivalent  of  work;  that  if  in  doing  work  it 
seem  to  disappear,  it  is  still  producing  its  equivalent  effect, 
though  often  in  a  manner  partially  or  totally  unknown ;  and 
that  if  it  give  rise  to  another  form  of  force  (as  we  imperfectly 
express  it),  that  force  is  equivalent  in  power  to  the  heat  which 
has  disappeared. 

What  is  called  chemical  attraction  affords  equally  instruc- 
tive and  suggestive  considerations  in  relation  to  the  principle 
of  the  conservation  of  force.  The  indestructibility  of  indi- 
vidual matter  is  one  case,  and  a  most  important  one,  of  the 
conservation  of  chemical  force.  A  molecule  has  been  en- 
dowed with  powers  which  give  rise  in  it  to  various  qualities, 
and  these  never  change,  either  in  their  nature  or  amount.  A 
particle  of  oxygen  is  ever  a  particle  of  oxygen — ^nothing  can 
in  the  least  wear  it.  K  it  enters  into  combination  and  disap- 
pears as  oxygen — ^if  it  pass  through  a  thousand  combinations, 
animal,  vegetable,  mineral — if  it  lie  hid  for  a  thousand  years 
and  then  be  evolved,  it  is  oxygen  with  its  first  qualities,  nei- 
ther more  nor  less.  It  has  all  its  original  force,  and  only 
that ;  the  amount  of  force  which  it  disengaged  when  hiding 
itself  has  again  to  be  employed  in  a  reverse  direction  when  it 
is  set  at  liberty ;  and  if,  hereafter,  we  should  decompose  oxy- 
gen, and  find  it  coinpounded  of  other  particles,  we  should  only 
increase  the  strength  of  the  proof  of  the  conservation  of 
force,  for  we  should  have  a  right  to  say  of  these  particles, 
long  as  they  have  been  hidden,  all  that  we  could  say  of  the 
oxygen  itself. 

Again,  the  body  of  facts  included  in  the  theory  of  definite 
proportions,  witnesses  to  the  truth  of  the  conservation  of 
force  ;  and  though  we  know  little  of  the  cause  of  the  change 
of  properties  of  the  acting  and  produced  bodies,  or  how  tlio 
forces  of  the  former  are  hid  amongst  those  of  the  latter,  wo 
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du  [lot.  for  an  instant  doubt  tbe  conBcrvation,  but  Are  moved 
to  look  for  the  manner  in  which  the  forces  are,  for  the  time, 
disposed,  or  if  they  have  taken  up  anotlicr  form  of  fori'c,  lo 
scorch  what  that  form  may  be. 

Eren  chemical  action  at  a  disiance,  which  is  in  such  an- 
tilhctical  coatroat  with  the  ordinary  exertion  of  chemical  affin- 
ity, since  it  can  produce  effects  miles  away  from  tlie  parlide* 
^n  which  they  depend,  and  wiiich  ore  effectual  only  by  forces 
acting  at  insensible  distances,  still  proves  the  Bame  thing,  the 
conservation  of  force.     Preparations  can  be  made  for  a  chem- 
ical action  in  the  simple  voltaic  circuit,  but  until  the  circuit 
he  complete  that  action  does  not  occur ;  yet  in  completing  we 
can  so  arrange  the  circuit,  that  a  distant  chemicul  actioa,  tlie 
perfect  equivalent  of  the  dominant  chemical  action,  shall  bo 
[  produced ;  and  this  result,  whilst  it  eslabliijies  the  electro- 
F  chemical  crjnivalent  of  power,  establishes  the  piinciple  of  the 
f  oonserra^on  of  force  also,  and  at  tlie  same  time  suggests 
I  many  collateral  inquiries  which  have  yet  to  he  ma<le  and 
[  kOHwered,  before  all  that  concerns  the  conscri'ation  in  this 
i«e  can  be  understood. 
ThiB  and  other  instances  of  chemical  action  at  a  distance 
[  carry  our  inquiring  thoughts  on  from  the  facts  to  the  physical 
I   mode  of  tlio  exertion  of  force  ;  for  tlie  (lualltics  which  seem 
I  located  and  fixed  to  certiun  particles  of  mailer  appear  at  a 
[  distance   in   coimcclion   with   particles    altogether    different. 
I  They  also  lead  our  thoughts  to  the  convcr*ion  of  one  form  of 
I  power  into  anotlier ;  as,  for  instance,  in  the  hfol  which  the 
Lfllomcnls  of  a  voltaic  pile  may  either  show  at  the  place  where 
[  Ibcy  act  by  their  combostion  or  combination  together,  or  in 
I  the  distance,  whera  the  electric  ^ark  may  be  rendered  roani- 
. ;  or  In  the  wire  of  fluids  of  the  different  parta  of  the 
I  otrcult. 

When  we  occupy  ourselves  with  the  dual  forms  of  power, 
t  electricity,  and  magnetism,  we  find  great  latitude  of  assomp- 
I  lion,  and  necessarily  eo,  for  the  powers  become  more  and 
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more  complicated  in  their  conditions.  But  still  there  is  no 
apparent  desire  to  let  loose  the  force  of  the  principle  of  con- 
servation, even  in  those  cases  where  the  appearance  and  dis- 
appearance of  force  may  seem  most  evident  and  striking. 
Electricity  appears  when  there  is  consumption  of  no  other 
force  than  that  required  for  friction ;  we  do  not  know  how, 
but  we  search  to  know,  not  being  willing  to  admit  that  the 
electric  force  can  arise  out  of  nothing.  The  two  electricities 
are  developed  in  equal  proportions ;  and  having  appeared,  we 
may  dispose  variously  of  the  influence  of  one  upon  successive 
portions  of  the  other,  causing  many  changes  in  relation,  yet 
uever  able  to  make  the  sum  of  the  force  of  one  kind  in  the 
least  degree  exceed  or  come  short  of  the  sum  of  the  other. 
In  that  necessity  of  equality,  we  see  another  direct  proof  of 
the  conservation  of  force,  in  the  midst  of  a  thousand  changes 
that  require  to  be  developed  in  their  principles  before  we 
can  consider  this  part  of  science  as  even  moderately  known 
to  us. 

One  assumption  with  regard  to  electricity  is,  that  there  is 
an  electric  fluid  rendered  evident  by  excitement  in  plus  and 
minus  proportions.  Another  assumption  is,  that  there  are 
two  fluids  of  electricity,  each  particle  of  each  repelling  aU 
particles  like  itself,  and  attracting  all  particles  of  the  other 
kind  always,  and  with  a  force  proportionate  to  the  inverse 
square  of  the  distance,  being  so  far  analogous  to  the  defini- 
tion of  gravity.  This  hypothesis  is  antagonistic  to  the  law 
of  the  conservation  of  force,  and  open  to  all  the  objections 
that  have  been,  or  may  be,  made  against  the  ordinary  defini- 
tion of  gravity.  Another  assumption  is,  that  each  particle  of 
the  two  electricities  has  a  given  amount  of  power,  and  can 
only  attract  contrary  particles  with  the  sum  of  that  amount, 
acting  upon  each  of  two  with  only  half  the  power  it  could  in 
like  circumstances  exert  upon  one.  But  various  as  are  the 
assumptions,  the  conservation  of  force  (though  wanting  in  the 
second)  is,  I  think,  intended  to  be  included  in  all.     I  might 
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repeat  the  same  obeerraliona  nearly  in  regard  to  niagnotism- 
wiiotlicr  to  be  ae^umcd  as  a  fluid,  or  two  fluids  or  elQctriu  cur 
rcQla — whether  tho  external  aelioa  be  supposed  to  bo  action 
ut  a  didtaacw,  or  dependent  on  on  external  condition  and 
lincH  of  force — still,  all  are  intended  to  admit  tho  conserva- 
tion of  power  as  a  principle  to  which  the  phenomena  are 
subject. 

Tho  principles  of  physical  knowledge  ore  now  so  far  de- 
veloped as  to  enable  as  not  merely  to  define  or  deacribo  the 
known,  but  to  slate  reasonable  expectations  regarding  the 
unknown;  and  I  think  the  principle  of  the  couserTation  of 
force  may  greatly  aid  experimental  philosophers  in  that  duty 
to  stdoncG,  which  consists  in  the  cnuncialion  of  problems  to 
be  solved.  It  will  lead  ub,  in  aay  case  where  the  force  rc- 
muining  unulianged  in  form  is  alleroil  in  ilircctiun  only,  to 
look  for  the  new  disposition  of  the  force  ;  as  in  the  casea  of 
niuguctism,  static  electricity,  and  perhaps  gravity,  and  lo  as* 
certain  that  as  a  wliole  it  remains  michangcd  in  umoiml— or, 
if  tho  original  force  disappear,  either  altogether  or  in  part,  it 
will  lead  ns  to  look  for  the  new  condition  or  form  of  force 
wliich  dhonld  result,  and  to  develop  its  cquivuleucy  to  the 
force  tliat  has  disappeared.  Likewise,  when  force  is  devel- 
oped, it  will  cause  ub  to  consider  tho  previonsly-exlstuig  equiv- 
alent to  the  force  so  appearing;  and  many  such  cases  there 
ore  in  chemical  action.  When  force  disappears,  as  in  the 
electric  or  magnetic  induction  after  more  or  lesa  discharge,  or 
that  of  gravity  with  an  increasing  distance,  it  will  snggent  a 
research  as  to  whether  the  equivalent  change  is  one  willuu 
tlio  apparently  acting  bodies,  or  one  exiernai  (in  part)  to 
them.  It  will  also  raise  up  inquiry  as  to  tho  nature  of  the 
internal  or  external  slate,  both  before  the  change  and  alUir, 
If  supposed  to  1>e  external,  it  will  suggest  the  necessity  of  a 
physical  process,  by  which  the  power  is  conuuunicated  baai 
body  lo  body ;  and  in  the  case  of  external  action,  will  lead 
to  tho  inquiry  whether,  in  any  case,  Uierc  cao  be  truly  action 


876         THE  OONSEBYATION  OF  FOBCE. 

at  a  distance,  or  whether  the  ether,  or  some  other  medium,  ii 
not  nccessfurily  present. 

We  are  not  permitted  as  yet  to  see  the  natmre  of  the  source 
of  physical  power,  but  we  are  allowed  to  see  much  of  the 
consistency  existing  amongst  the  various  forms  in  which  it  is 
presented  to  us.  Thus,  if,  in  static  electricity,  we  consider 
an  act  of  induction,  we  can  perceive  the  consistency  of  all 
other  like  acts  of  induction  with  it.  If  we  then  take  an  elec- 
tric current,  and  compare  it  with  this  inductive  effect,  we  see 
their  relation  and  consistency.  In  the  same  manner  we  have 
arrived  at  a  knowledge  of  the  consistency  of  magnetism  with 
electricity,  and  also  of  chemical  action  and  of  heat  with  all 
the  former ;  and  if  we  see  not  the  consistency  between  gravi- 
tation with  any  of  these  forms  of  force,  I  am  strongly  of  the 
mind  that  it  is  because  of  our  ignorance  only.  How  imper- 
fect would  our  idea  of  an  electric  current  now  be,  if  we  were 
to  leave  out  of  sight  its  origin,  its  static  and  d^Tiamic  induc- 
tion, its  magnetic  influence,  its  chemical  and  heating  effects ; 
or  our  idea  of  any  one  of  these  results,  if  we  left  any  of  the 
others  unregarded  ?  That  there  should  be  a  power  of  gravita- 
tion existing  by  itself,  having  no  relation  to  the  other  7iatural 
powers,  and  no  respect  to  the  law  of  the  conservation  of  force, 
is  as  little  likely  as  that  there  should  be  a  principle  of  levity 
as  well  as  of  gravity.  Gravity  may  be  only  the  residual  part 
of  the  other  forces  of  nature,  as  Mositi  has  tried  to  show ; 
but  that  it  should  fall  out  from  the  law  of  all  other  force,  and 
should  be  outside  the  reach  either  of  furtlicr  experiment  or 
philosophical  conclusions,  is  not  probable.  So  we  must  strive 
to  learn  more  of  this  outstanding  power,  and  endeavour  to 
avoid  any  definition  of  it  which  is  incompatible  with  the  prin- 
ciples of  force  generally,  for  all  the  phenomena  of  nature  lead 
us  to  believe  that  the  great  and  governing  law  is  one.  I 
would  much  rather  incline  to  believe  that  bodies  aflbctin*^ 
each  other  by  gravitation  act  by  lines  of  force  of  defiaite 
amount  (somewhat  in  the  manner  of  magnetic  or  electric  in- 
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duclion,  ihougli  wllh  polarity),  or  by  ai 
parts  of  space,  than  a<lruit  that  the  i 


1  ether  purvadiog  all 
snsGrvalion  of  tbrce 
coulil  be  diBpcnaed  with. 

It  may  he  supposed,  that  one  who  has  little  or  no  mathe 
nuilicol  knowledge  should  hardly  assume  a  right  to  judge  al 
the  generality  and  force  of  a  principle  snch  as  that  which 
forms  the  subject  of  these  remarks.  My  apology  is  this  :  I 
do  not  perceive  that  a  mathematical  mind,  simply  as  such,  has 
any  advantage  over  an  equally  acute  mind  not  mathematical, 
in  perceiving  the  nature  and  power  of  a  natural  principle  of 
action.  It  cannot  of  itself  introduce  the  knowledge  of  any 
new  principle.  Dealing  with  any  and  evory  amount  of  static 
electricity,  the  matliematical  mind  has  balanced  and  adjusted 
them  with  wonderful  advantage,  and  has  foretold  results 
which  the  expcrimenlalist  can  do  no  more  than  verify.  But 
it  could  not  discover  dynamic-eleelricily,  nor  electro-magnet- 
nor  magneto-eleclrlcily,  or  even  suggest  them ;  though 
n  once  discovered  by  the  experimentalist,  it  can  take  them 
mVp  with  extreme  facility, 

a  respect  of  the  force  of  gravitation,  it  has  calculated 

1  results  of  the  power  in  aach  a  wonderful  manner  as  to 

e  the  known  planets  through  their  conrsea  and  pcHurha- 

E  tkm.'',  and  in  so  doing  has  discovered  a  planet  before  unkno^vn  ; 

rlrat  there  may  be  results  of  the  gravitating  force  of  other 

Eldnd.1  than  attraction  inversely  as  the  square  of  the  distance, 

Kof  which  it  knows  nothing,  can  discover  noUiing,  and  can 

iilhcr  assert  nor  deny  their  possibility  or  occurrence.     Under 

Ifaese  circumslancea,  a  principle  which  may  bo  accepted  as 

iqnally  strict  with  mathematif-al  kIl01vled|^!,  coroprehonslblc 

iihout  it,  applicable  by  all  in  their  philoeophical  logic,  what- 

iver  form  that  may  take,  and  above  all,  suggestive,  encour- 

Fliging,  and  instructive  to  the  mind  of  the  experimentalist, 

Bthonld  be  the  more  earnestly  employed  and  the  more  fre* 

|Dent]y  reaoriod  to  when  we  are  labouring  cither  to  discover 

r  regions  of  science,  or  to  map  out  and  develop  those 
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which  are  known  into  one  harmonious  whole ;  and  if  in  sach 
strivings,  we,  whilst  applying  the  principle  of  conservation, 
see  but  imperfectly,  still  we  should  endeavour  to  see,  for  even 
an  obscure  and  distorted  vision  is  better  than  none.  Liet  us, 
if  we  can,  discover  a  new  thing  in  any  shape ;  the  true  ap- 
pearance and  character  will  be  easily  developed  afterwards* 

Some  are  much  surprised  that  I  should,  as  thej  think, 
venture  to  oppose  the  conclusions  of  Nevrton ;  but  here  there 
is  a  mistake.  I  do  not  oppose  Newton  on  any  point ;  it  is 
rather  those  who  sustain  the  idea  of  action  at  a  distance,  that 
contradict  him.  Doubtftd  as  I  ought  to  be  of  myself,  I  am 
certainly  very  glad  to  feel  that  my  convictions  are  in  accord- 
ance with  his  conclusions.  At  the  same  time,  those  who  oc> 
cupy  themselves  with  such  matters  ought  not  to  depend  alto- 
gether upon  authority,  but  should  find  'reason  within  them- 
selves, after  careful  thought  and  consideration,  to  use  and 
abide  by  their  own  judgment.  Newton  himself,  whilst  refer- 
ring to  those  who  were  judging  his  views,  speaks  of  such  as 
are  competent  to  form  an  opinion  in  such  matters,  and  makes 
a  strong  distinction  between  them  and  those  who  were  incom- 
petent for  the  case. 

But  aft«r  all,  the  principle  of  the  conservation  of  force 
may  by  some  be  denied.  Well,  then,  if  it  be  unfounded  even 
in  its  application  to  the  smallest  part  of  the  science  of  force, 
the  proof  must  be  within  our  reach,  for  all  physical  science 
is  so.  In  that  case,  discoveries  as  large  or  larger  than  any 
yet  made,  may  be  anticipated.  I  do  not  resist  the  search  for 
them,  for  no  one  can  do  harm,  but  only  good,  who  works 
with  an  earnest  and  truthful  spirit  in  such  a  direction.  But 
let  us  not  admit  the  destruction  or  creation  of  force  without 
clear  and  constant  proof.  Just  as  the  clicmist  owes  all  the 
perfection  of  his  science  to  his  dependence  on  the  certainty 
of  gravitation  applied  by  the  balance,  so  may  the  physical 
philosopher  expect  to  find  the  greatest  security  and  the  utmost 
aid  in  the  principle  of  the  conservation  of  Ibi  ce.     All  tliat 


SUPPLEMENTAEY   OONBIDEEAnoKB. 


379 


we  have  tlint  is  good  and  eafe,  as  tlic  etcam-cagine,  the  eleo 
tric-lclcgrnph,  &c.,  witness  to  that  principle — it  would  require 
a  perpetual  motion,  a  fire  without  Leut,  heat  without  a  source, 
action  without  reaction,  cause  with  efii;ct,  or  ufTcet  without  a 
cause,  to  displace  it  from  its  rank  as  a  law  of  aatnrc. 


During  the  year  that  has  passed  siuee  the  publication  of 
the  foregoing  views  rcgardbg  gravitalion,  &c.,  I  have  come  to 
the  knowledge  of  various  obaervatione  upon  them,  eome 
adverse,  others  favourable ;  these  have  given  mo  no  reason  Ut 
change  my  own  mode  of  viewing  the  subject ;  but  some  of 
tbcm  make  mo  think  that  X  have  not  stated  the  matter  with 
sufficient  precision.  '  Tho  word  "force"  is  undorstood  by 
many  lo  mean  simply  '^  the  tendency  of  a  body  to  poas  from 
I  place  to  another,"  wliidi  b  equivalent,  I  suppose,  to  (bo 
|j,plirasc  "  mccbaoieal  force  ; "  those  who  so  restrain  its  meau- 
;  must  have  found  my  argnment  very  obscure.  What  I 
a  by  the  word  "  force,"  is  the  eaaae  of  a  physical  action  ; 
i  sonrce  or  sources  of  all  possible  changes  amongst  the 
pftrlicles  or  materials  oftlio  universe. 

It  seems  to  me  tbat  the  idea  of  the  conservation  of  force  ia 

absolutely  independent  of  any  notion  we  may  form  of  the 

nature  of  force  or  its  varieties,  and  is  as  sure  and  may  bo  as 

firmly  held    in  tlie  mind,  as  if  we,  instead  of  being  very 

f.  ignorant,  understood  perfocUy  every  point  about  tlie  causu  of 

K^ra   and  the  varied  effects  it  can  produce.     There  may  b« 

jiferfecUy  distinct  and  separate   causes  of  what  are  called 

^lAemical  ocliong,  or  electrical  actions,  or  gravitating  actions, 

^lituting  so  many  forces;    but  if  tho  "conservation  of 

Bftrce  "  is  n  good  and  true  principle,  each  of  these  forces  must 

Kba  subject  lo  it :  none  can  vary  in  its  absolute  amount ;  each 

it  be  definite  at  all  limes,  whether  for  a  particle,  or  for  uU 

■'4be  particles  in  the  universe  ;  and  tho  sum  also  of  the  tliree 
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nil  |i|i)'Hinil  liiiiM',  iiikI  iiIho  acknowledge  the  priuciplo  of  con* 
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BerratJon,  apply  that  principle  to  the  sum  total  of  the  force 
Though  the  amount  of  medionicol  force  (using  habitual  hin- 
guago  for  convenience  sake)  may  roniain  uncbnageii  and 
deiinilo  in  ita  character  for  a  long  time,  yet  n-hcn,  as  in  tlie 
collision  of  two  equal  inelastic  bodies,  it  appears  to  be  lost, 
they  find  it  in  tbe  form  of  heat ;  aud  whether  they  admit  that 
beat  to  be  a  continued  mechanical  action  (as  U  moat  proba- 
ble), or  assume  some  other  idea,  as  that  of  electricity,  or 
action  of  a  heat-fluid,  slill  Ihey  hold  to  the  principle  of  con- 
hy  admitting  that  Ibo  sum  of  force,  i.  e,  of  the 
action,"  is  the  same,  whatever  character  the  effects 
assume.  With  them  the  conTertibility  of  beat,  electricity, 
magnetism,  chemical  action  and  motion,  is  a  familiar  thought ; 
neither  can  I  perceive  any  reason  why  liicy  should  be  led  to 
exclude,  d  prian,  the  cause  of  jijavilalion  from  association 
with  the  cause  of  these  other  pha?nomena  respectively.  All 
that  they  are  limiled  by  in  their  various  investigations, 
liulcver  directions  they  may  take,  is  the  necessity  of  mak- 
ig  no  assumption  directly  contradictory  of  the  conservation 
of  force  applied  to  the  sum  of  all  the  forces  concerned,  and  to 
tudcavour  to  discover  the  different  directions  in  which  the 
TartoiiB  parts  of  the  total  forc^have  been  exerted. 

Tliose  who  admit  separate  forces  inter-unchangeable, 
have  to  show  that  each  of  these  forces  is  separately  subject 
to  the  principle  of  conservation.  If  gravitation  be  such  a 
separate  force,  and  yet  its  power  in  the  action  of  two  par- 
ticles he  supposed  to  be  diminished  fourfold  by  doubling  the 
iliaiance,  surely  some  new  action,  having  trno' gravitation 
character,  and  that  alone,  ouglit  to  appear,  for  how  else  can 
tbe  totality  »f  the  force  remain  unchanged?  To  define  the 
force  as  "  a  simple  attractive  force  exerted  between  any  two 
or  all  the  particles  of  mailer,  with  a  strength  varying  in- 
versely as  the  square  of  the  distance,"  is  not  to  answer  the 
question ;  nor  does  it  indicate  or  even  assume  what  are  the 
other  complementary  resulls  which  occur ;  or  allow  the  aup- 
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position  that  sucli  are  necessary :  it  is  simply,  as  it  appears 
to  me,  to  deny  tlie  conservation  of  force. 

As  to  the  gravitating  force,  I  do  not  presume  to  sa^  that  I 
have  the  lesist  idea  of  what  occurs  in  two  particles  when  their 
power  of  mutually  approaching  each  other  is  changed  by 
their  being  placed  at  different  distances  ;  but  I  have  a  strong 
conviction,  through  the  influence  on  my  mind  of  the  doctrine 
of  conservation,  that  there  is  a  change ;  and  that  the  phe- 
nomena resulting  from  the  change  will  probably  appear  some 
day  as  the  result  of  careM  research.  K  it  be  said  that 
"  'twere  to  consider  too  curiously  to  consider  so,"  then  I 
must  dissent :  to  refrain  to  consider  would  be  to  ignore  the 
principle  of  the  conservation  of  force,  and  to  stop  the  inquiry 
which  it  suggests — ^whereas  to  admit  the  proper  logical  force 
of  the  principle  in  our  hypotheses  and  considerations,  and  to 
permit  its  guidance  in  a  cautious  yet  courageous  course  of  in- 
vestigation, may  give  us  power  to  enlarge  the  generalities  wc 
already  possess  in  respect  of  heat,  motion,  electricity,  mag- 
netism, &c.,  to  associate  gravity  with  them,  and  perhaps 
enable  us  to  know  whether  the  essential  force  of  gravitation 
(and  other  attractions)  is  internal  or  external  as  respects  the 
attracted  bodies.  , 

Returning  once  more  to  the  definition  of  the  gravitating 
power  as  "  a  simple  attractive  force  exerted  between  any  two  or 
all  the  particles  or  masses  of  matter  at  every  sensible  distance^ 
but  with  a  STRENGTH  VAKTING  inversely  as  the  square  of  the 
distance"  I  ought  perhaps  to  suppose  there  are  many  who 
accept  this  as  a  true  and  sufficient  description  of  the  force,  and 
who  therefore ,  in  relation  to  it,  deny  the  principle  of  conser- 
vation. K  both  are  accepted  and  are  thought  to  be  consist- 
ent with  each  other,  it  cannot  be  difficult  to  add  words 
wliich  shall  make  "  varying  strength  "  and  "  conservation  " 
agree  togetlier.  It  cannot  be  said  that  the  definition  merely 
applies  to  the  effects  of  gravitation  as  far  as  wo  know  them. 
So  understood,  it  would  form  no  barrier  to  progress ;  for, 
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tliat  particles  at  different  distances  are  urged  toward  each 
other  with  a  power  varying  inversely  as  the  square  of  the 
distance,  is  a  truth :  but  the  definition  has  not  that  mean- 
ing; and  what  I  object  to  is  the  pretence  of  knowledge 
which  the  definition  sets  up  when  it  assumes  to  describe,  not 
the  partial  effects  of  the  force,  but  the  nature  of  the  force 
a  whole. 
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Justus  ton  Likbio,  bom  at  Darmst&dt  in  1803,  after  spending  ten 
pontha  in  an  apothecary's  shop,  entered  the  UniTersitj  of  Bonn  in  1819, 
and  afterwards  graduated  in  medidne  in  Erlangen.  In  1822  he  wmi  to 
Paris,  where  he  studied  chemistry  two  years.  In  1824  he  read  a  paper  on 
the  Fulminates  before  the  French  Institate,  which  attracted  the  attention  of 
Humboldt,  by  whose  influence  he  was  appointed  adjunct  Professor  of  Chem- 
istry in  the  Uniyersity  of  Gieesen.  He  became  professor  of  this  institution 
in  1826,  and  established  here  the  first  laboratory  in  Germany  fbr  tAft/*li»tig 
practical  chemistry.  In  18i0  he  published  his  **  Chemistry  in  its  applica- 
tions to  Agriculture  and  Physiology,"  in  the  form  of  a  report  to  the  British 
Association.  In  1842  he  reported  to  the  same  body  his  work  on  **  Animal 
Chemistry."  About  the  same  time  appeared  his  "Familiar  Letters  on 
Chemistry,"  which  has  since  been  rewritten  and  much  extended.  He  is  the 
author  also  of  various  other  Taluable  works.  He  remained  at  Gicssen  till 
1852,  when  he  became  professor  and  president  of  the  laboratory  in  the 
Uniyersity  of  Munich.  In  1854  his  friends  in  Europe  contributed  and  pny 
sentcd  to  him  £1,000,  and  in  1860  he  became  President  of  the  Academy  of 
Sciences  in  Munich.  Professor  Liebig  is  a  bold  and  intrepid  investigator, 
and  an  ardent  writer,  who  has  made  a  profound  impression  upon  his  age. 
While  some  of  his  views  have  not  been  accepted  in  the  chemical  worid,  and 
indeed  have  been  abandoned  by  himself^  others  have  taken  their  place  as 
valuable  additions  to  the  body  of  scientific  truth.  The  charge  that  some  of 
his  doctrines  have  proved  erroneous  does  not  disturb  him ;  in  the  true  scien- 
tific spirit  he  replies,  "  Show  me  the  man  who  makes  no  mistakes,  and  I  will 
ihow  you  a  man  who  has  done  nothing.** 


THE  CONNECTION  AND  EQUIVALENCE 
OF  FORCES. 


IT  is  well  known  tljat  our  macliinea  create  no  power,  bat 
only  return  what  iLey  have  received.  Tlic  motion  of  a 
clock  is  producfld  by  a  weight  or  a  spring  ;  but  it  ia  tlio  power 
[  of  ihe  human  arm  applied  to  Btrotch  llio  spring  or  elevate  llio 
weight,  which  is  expended  in  the  movement  of  the  wheels  and 
pendulum  in  twcnty-fonr  honW,  or  in  eight  or  fonrleon  days. 
A  WBler-wlieoI  Bets  in  motion,  in  a  mill,  one  or  more  mill- 
■tonos ;  in  a  foundry,  one  or  more  hammers ;  id  saltworks 
or  mines  it  pnmps  or  raises  weights  to  certain  heights ;  in 
fiidories,  it  communicates  movements  to  looms,  spinning  ma- 
dunes,  and  rollers.  In  all  these  instanccB,  the  work  per- 
tformod  by  the  water-wheel  b  duo  to  the  force  eierted  by  the 
fitlling  water  on  the  buckets,  wliich  seta  the  wheel  in  motion ; 
nnd  this  force  mnat  be  greater  tlian  the  resistance  presented 
by  the  different  machines  in  operation.  The  performance  of 
(Jie  machine  is  measurable  by  this  force, 

The  work  of  a  sieam-engine  is  executed  by  the  movement 
of  a  piston  upwards  and  downwards  by  the  pressure  of  slouni, 
just  as  a  water-wheel  is  moved  by  the  pressure  of  water. 
The  cause  of  this  pressure  is  boat,  which  is  derived  from  the 
chemical  process  of  combustion,  and  is  absorbed  by  water. 
1  By  tiiis  heat,  eteam  is  produced,  and  the  necessary  expansion 
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obtained  for  the  moTcment  of  the  piston.  It  is  heat,  in  this 
lost  form,  which  performs  the  mechanical  work  of  the  ma- 
chine. 

Every  force  acts  by  producing  pressure  either  from  or  tov^ 
ards  the  centre  of  motion.  In  every  machine  in  operation 
the  amount  of  power  is  always  measurable  by  the  resistance 
overcome  ;  and  this  again  can  be  expressed  by  corresponding 
weights,  which  that  power  is  capable  of  raising  to  a  certain 
height.  If  one  man  raises  by  a  pump,  in  one  minute,  150  lbs. 
of  water,  and  another  200  lbs. ;  or  if  one  horse  draws  to  a 
certain  distance  a  load  of  20  cwt.,  and  another  a  load  of  30 
cwt.,  it  is  evident  that  these  numbers  express  the  relative 
working  power  of  these  two  men  or  horses.  In  mechanics, 
the  working  power  of  every  machine  is  expressed  in  horse 
power,  that  is,  a  force  capable  of  elevating  in  each  second  75 
kilogrammes  (=2^  lbs.  avoirdupois)  to  a  height  of  one  meter 
(39-37  inclios). 

The  whole  power  conmiunicatod  to  a  machine  is  not  actu- 
ally available,  but  is  in  part  lost  by  friction.  For  if  two 
machines  possess  the  same  power,  it  is  found  that  the  greater 
quantity  of  work  will  be  executed  by  the  one  which  has  to 
overcome  the  smaller  amount  of  Mction.  In  mcchanicd, 
friction  is  always  regarded  as  acting  in  direct  oj)position  to 
motion  in  every  machine.  It  was  believed  that  the  working 
power  of  a  macliine  could  be  absolutely  anniliilated  by  it. 

As  the  proximate  cause  of  the  cessation  of  motion,  friction 
was  a  palpable  fact,  and  could  as  such  be  taken  into  account ; 
but  a  fatal  error  was  committed  in  giving  a  theoretical  view 
of  its  mode  of  action.  For  if  a  power  coidd  be  annihilated, 
or,  in  other  words,  have  nothing  as  its  eflect,  then  there  would 
be  no  contradiction  involved  in  the  belief,  that  out  of  nothing 
also  power  could  be  created.  To  this  erroneous  idea  we  may 
partly  trace  the  belief,  held  for  centuries  by  most  able  men,  in 
the  possibility  of  discovering  a  machine  which  should  renew 
within  itself  its  own  power  as  it  was  expended,  and  thus  over 
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oontinuo  in  motion,  without  the  necessity  for  any  external 
nolivo  force.  The  discovery  of  such  a  perpetual  motion  was, 
J,  wortliy  of  eveiy  cfFort.  It  ■would  'je  as  vnluuble  iia 
Eho  bird  which  lays  the  golden  eggs  ;  for  by  its  meuna  liibour 
would  be  performed,  and  money  made  in  abiradancc  without 
«ny  ospcndilnrc. 

A  mass  of  facls,  hitherto  nnintelligible,  have  bad  much 
Sghl  thrown  upon  them  by  a  moro  correct  view  of  natural 
ftn-ces,  for  which  wc  are  indebted  to  a  physician,  Dr.  Mayor, 
of  Ilcilhronn,  and  which,  by  the  investigations  of  the  moat 
eminent  nfttural  philosophers  and  mathematicians,  has  attained 
ft  significance  and  importance  scarcely  to  bo  foreseen. 

According  lo  Dr.  Mayer,  forces  are  causes,  in  which  full 
njiplicalion  of  the  axiom  must  bo  found,  that  every  cause 
must  produce  an  effect  which  corresponds  und  is  equal  to  the 
cause.  Causa  aqual  effediim.  Thus  if  a  cause  C  produces 
an  effect  E,  then  C  ™  E.  Should  the  ellect  E  become  Uie 
canso  of  another  effect  e,  then  also  E  ■«  e  =i  C.  In  8uch  a 
chun  of  canees  and  effects  no  link,  or  part  of  a  Unic,  can  ever 
become  nothinn;  =  nothing.  Should  a.  given  caoao  C  have  pro 
dnced  ila  corresponding  effect  E,  then  C  ceases  to  exists  for 
it  haa  been  converted  into  E.  Consequently,  as  C  passes  into 
E,  and  the  latter  into  e,  it  follows  that  all  these  causes,  as  far 
oa  relates  to  their  tpuiviily,  possess  the  property  of  indvMruiUu 
liUli/j  ond  to  their  qualily  that  of  convertxhiOty.  In  nuniher- 
kas  cases  wq  eee  a  motion  cense,  williout  its  usual  cQeola 
being  produced,  such  au  lining  a  weight  or  load ;  but  as  the 
ftirce  wliidi  has  caused  tlio  motion  camiot  be  reduced  to 
aothlng,  iho  qucslion  arises,  what  form  has  it  assumed.  Ex- 
'^riunco  gives  the  ans^r,  by  showing  tliat  wherever,  mot  ion 
.!■  arrested  by  Mctlon,  a  blow,  or  concussion,  heat  is  the  ru- 
nlt.     The  motion  is  tlie  cause  of  the  heat. 

Tlie  rapid  friction  of  two  plateg  of  melal  can  raise  llicir 
temperature  to  redness,  and  cause  the  ebullition  of  water  if 

friction  takes  placo  below  its  surface.    In  like  manner, 
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by  rapid  motion  the  iron  tires  of  carriage  wheels  bcoome  fre> 
quently  so  hot  that  they  cannot  be  touched.  In  grinding 
needle-points  the  sted  is  heated  to  redness,  and  the  detached 
particles  bum  with  sparks.  The  wooden  breaks  of  railway 
carriages  become  frequently  so  hot  by  friction  that  their  snr- 
face  emits  an  empyreomatic  odour.  By  the  friction  of  as 
iron  grater,  particles  of  white  sugar  can  be  melted  and  heated 
so  far  83  to  acquire  the  taste  of  bomt  sugar  (Caramel).  The 
heat  evolved  by  the  friction  of  two  pieces  of  ice  is  suflBicient  to 
melt  them. 

In  the  English  steel-foundries  a  bar  of  steel  10  or  12 
inches  long,  by  being  heated  at  one  end  in  a  forge,  is  welded 
by  hammcrlDg  to  another  slender  bar,  10  or  12  feet  long, 
without  the  necessity  of  further  direct  application  of  heat — a 
point  of  great  importance  for  the  preservation  of  the  good 
quality  of  the  steel.  Every  spot  on  which  the  powerful  blows 
of  the  hanlmer  rapidly  descend,  becomes  red  hot,  and  to  Uie 
spectators  the  red  glow  of  heat  appesu:^  to  run  up  and  down 
the  bar.  This  glow  is  produced  by  the  blows  of  the  hammer, 
and  corresponds  to  an  amount  of  heat  sufficient  to  raise  many 
pounds  of  water  to  the  boiling  point ;  whilst  the  end  of  the 
bar  heated  in  the  fire  would  scarcely  by  itself  raise  to  the 
same  temperature  as  many  ounces  of  water. 

According  to  the  preceding  views  a  precise  connection 
exists  between  the  blows  of  the  hammer  (the  cause)  and  the 
heat  produced  (tlie  effect)  ;  and  natural  philosophers  have 
devised  the  most  ingenious  experiments  to  show  this  relation. 
Tlie  working  power  is  in  this  ease  converted  into  heat.  If 
the  view  of  Mayer  be  correct,  then  should  we  by  tliis  amount 
of  heat  thus  obtained,  be  able  to  reproduce  the  same  amount 
of  work,  viz.,  the  same  number  of  blows  of  the  liammcr.  But 
a  closer  view  of  the  point  shows  that  we  require  to  elevate 
tlie  hammer,  and  that  therefore  its  working  power  was  not 
inherent,  but  only  lent  to  it.  Tlie  hammer  was  elevated  by  a 
water-wheel  set  in  motion  by  a  certain  weight  of  water  falling 
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on  ila  buckets.  Thus  to  raise  a  bammcr  weigliing  leu  pouuils 
to  the  tieiglit  of  one  foot  reiiiures  at  least  the  toll  of  tea  pouadd 
weight  of  water  from  a  heigbt  of  a  foot.  It  was  then,  properly 
speaking,  this  weight  of  foiling  water  whieh  produced  the 
heat  through  means  of  the  honnncr.  By  Bimply  altering  the 
urangomcDt  of  the  roacliiucry,  tho  same  force  would  have 
caused  a  mill-stone  to  revolve  with  great  rapidity  on  its  axis, 
or  raised  by  friction  two  iron  disks  to  a  red  heat. 

From  experiments  ioetitutcd  to  clncidato  this  point,  it  has 
becQ  eatablished  that  13,500  blows  of  a  hammer,  weighing  10 
pounds,  falling  on  a  bar  of  iron  from  a  height  of  one  foul,  pro- 
duce an  amount  of  heat  Bufiicient  to  raise  one  pound  of  water 
from  the  freezing  point  to  that  of  ebullition.  This  fact  may 
be  represented  in  another  way  by  saying,  that  1,350  cwta.  of 
iratcr,  falling  from  a  height  of  one  fool,  will  raise  tho  Icmpcr- 
sturo  of  I  lb.  of  water  from  fi'cczitig  to  the  boiling  point ;  or 
1,350  lbs.  of  water  falling  from  tho  same  height  will  raise  one 
pound  of  wBler  one  degree  in  temperature,  or  in  other  words, 
that  this  amount  of  heat  corresponds  to  a  working  power, 
capable  of  elevating  1 3  J  cwt.  to  the  height  of  one  foot. 

Wherever  motion  is  lost  in  a  machine  by  friction  or  by 
concussion,  there  is  always  produced  a  corresponding  amount 
of  heat.  When,  on  the  other  hand,  a  certain  quaotity  of 
work  ie  performed  by  heat,  there  disappears,  with  the  in&- 
'chaoical  ofiect  obtained,  a  certain  amount  of  heat,  which  is 
expressed  by  saying  that  tho  heat  lost  by  one  ponnd  of  water 
In  falling  one  degree  in  temperature,  is  equal  to  the  elevation 
of  I3|  cwt.  to  the  height  of  one  foot.  This  qnantily  of  heat 
becomes  then  the  equivalent  or  value  of  the  working  power 
expressed  by  the  above  numbers. 

This  constant  relation  between  heat  and  meehanical  movc- 
.«ient  has  been  confirmed  iu  the  most  varied  manner,  A  rod 
^flf  mclal  is  extended  by  a  weight,  and  on  its  removal  resumes 
Its  original  length,  provided  certain  limits  be  not  exceeded, 
^he  some  efiect  is  produced  by  heat ;  and  it  is  evident  thai 
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an  equal  force  must  be  exerted  by  the  rod  in  its  extenfljoo 
as  in  its  contraction.  Now,  experiment  has  shown  that  the 
relation  expressed  by  the  nmnbers  above  given,  must  exist 
between  a  given  extension  of  a  bar  of  iron,  and  the  heat  or 
weight  which  has  caused  that  extension,  viz.,  that  a  quantity 
of  heat  sufficient  to  raise  a  pound  of  water  one  degree  in 
ten^)erature,  will,  when  communicated  to  a  bar  of  iron,  en- 
able it  to  elevate  a  weight  of  1,850  lbs.  to  the  height  of  one 
foot. 

An  interesting  application  of  this  fact  was  long  ago  made 
in  the  Conservatoire  des  Arts  et  M^ers,  in  Paris.  In  this 
building,  which  was  formerly  a  convent,  the  nave  of  the  church 
Mras  converted  into  a  museum  for  industrial  products,  machines, 
and  implements.  In  its  arch,  traversing  its  length,  appeared 
a  crack,  which  gradually  increased  to  the  width  of  several 
inchos,  and  permitted  the  passage  of  rain  and  snow.  The 
opening  could  easily  have  been  closed  by  stone  and  lime,  but 
the  yielding  of  the  side  walls  would  not  have  been  prevented 
by  these  means.  The  whole  building  was  on  the  point  of 
being  pulled  down,  when  a  natural  philosopher  proposed  the 
foUowiQg  plan,  by  which  the  object  was  accomplished.  A 
number  of  strong  iron  rods  were  firmly  fixed  at  one  end  to  a 
side  wall  of  the  nave,  and  after  passing  through  the  opposite 
wall  were  provided  on  the  outside  with  large  nuts,  which 
were  screwed  up  tightly  to  the  walL  By  applying  burning 
straw  to  the  rods,  they  extended  in  length.  The  nuts  by  this 
extension  being  now  removed  several  inches  from  the  wall, 
were  again  screwed  tight  to  it.  The  rods  on  cooling  con- 
tracted with  enormous  force,  and  made  the  side  walls  ap- 
proach each  other.  By  repeating  the  operation  the  crack 
entirely  disappeared.  This  building  with  its  retaining  rods 
is  still  in  existence. 

The  working  power  of  a  machine,  set  in  motion  by  elec- 
tricity, can  be  expressed  by  numbers,  in  the  some  way  as  the 
mechanical  efiect  of  heat.    An  electrical  current  is  generated 


JiLECTIUCITi'   OONTEETED   INTO   HEAT.  .If.'! 

rl^y  a  rotating  magnet  or  by  solution  of  ziat  in  llie  {jalvanic 
[  ballery.     Such  a  current,  ia  circnlnling  through  a  thick  or 
i  thin  wire,  exlubits  tlio  same  deportment  as  a  fluid  fion-ing 
'•through  a  wide  or  narrow  tnbe.     As  a  given  quantity  of  fluid 
(  tequirus  more  time  or  greater  pressure  to  pass  through  a  nar- 
*  tube  than  through  a  largo,  so  a  thin  wire  offers  a  grcator 
I   reaistanco  than  a  tJiiek  one  to  the  passage  of  a  current  of  elec- 
tricity.    The  current  ia  thus  retarded  and  diminished,  one 
portion  onJy  passing  through  the  conductor,  the  oilier  being 
I  leOQverled  into  heat.     According  to  the  amount  of  heat  thus 
[  prodnced  by  the  conversion  of  the  electricity,  a  conducting 
I  vrire  of  platinum  can  be  fused,  one  of  gold  fused  and  eon- 
I  verted  into  vapour,  and  a  considerable  quantity  of  water 
I  brought  into  violent  ebullition  by  passing  the  current  througli 
I  lUiii  platinum  wire  wound  round  a  glass  tube  in  a  spiral 
iorm. 

If  llio  electrical  cnrrcnt  circulates  through  a  wire  wouud 
I  iqiirally  round  a  bar  of  iron,  tho  latter  ia  converted  inlo  a 
■powerful  magnet  capable  of  attracting  and  carrying  several 
llnnidrod  weights  of  iron.  The  electrical  is  conrertcd  into  the 
■  flingnotic  force,  by  which  a  machine  may  bo  set  in  motion. 
I  Tbo  power  of  attraction  communicated  to  the  iron  bar  is  in 
r«xact  proportion  to  the  amount  of  electricity  circulating  in 
surrounding  wire,  and  this  current  ia  again  dependent  on 
I  dio  property  of  the  conductor.  That  portion  of  electricity 
I  which  in  the  conductor  is  converted  into  heat,  produces  no 
I  power  of  attraction  in  the  iron  bar.  It  follows,  from  the 
I  fbregoing,  that  the  quantity  of  electricity  which  circulates,  of 
,t  which  produces  heat,  and  the  amount  of  magnetic  power 
I,  eonvertiblo  into  working  power,  stand  in  the  same  relation  to 
I  aoch  other,  aa  the  working  power  produced  in  a  machine  by 
I  the  preBSurc  of  falling  water  to  the  heat  generated  by  friction 
ftwid  concuaaion  in  the  samo  machine,  llie  same  amount  of 
I'llectricity  which,  when  converted  into  beat  by  the  rcsislancd 
»f  tbe  conductor,  raises  by  one  degree  the  temperBtnrc  of  one 
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pound  of  water,  generates  a  magnetic  force  capable  of  ele- 
vating a  weight  of  18^  cwt.  to  the  height  of  one  foot. 

If  the  metallic  wire  through  which  the  eloctricity  is  cir- 
culating, be  cut,  and  both  ends  immersed  in  water,  a  chemical 
decomposition  of  the  water  into  hydrogen  and  oxygen  takes 
place.  The  circulating  electricity  is  converted  into  chemical 
affinity,  and  into  a  power  of  attraction  which  causes  the  sep- 
aration of  the  elements  of  water.  Widi  the  evolution  of  the 
hydrogen  and  oxygen  all  traces  of  the  electrical  current  dis- 
appear. The  power  to  produce  heat  and  magnetic  force,  the 
usual  effects  of  the  electrical  current,  is  apparently  in  this 
case  annihilated,  and  in  its  place  we  obtain  two  gases,  one  of 
which,  hydrogen,  when  burned  in  oxygen,  reproduces  water 
and  evolves  heat.  Now  it  has  been  proved,  by  careful  ex- 
periments, that  an  electrical  current  of  a  given  strength, 
which,  when  converted  into  heat  in  a  conductor,  is  capable 
of  raising  the  temperature  of  a  pound  of  water  by  one  degree, 
>vill  produce  by  the  decomposition  of  water  a  quantity  of  hy- 
drogen, by  the  combustion  of  which  one  pound  of  water  can 
also  bo  elevated  one  degree  in  temperature. 

The  heat  and  power  of  attraction  which  were  apparently 
lost  by  the  decomposition  of  the  water,  had  only  become 
latent,  so  to  speak,  in  the  elements  of  water.  This  heat  is 
again  set  free  on  Uie  reunion  of  these  elements,  and  if  con- 
verted into  working  power,  would  produce  the  same  result 
(viz.,  raising  a  given  weight  a  foot  high)  as  would  have  been 
effected  by  a  magnetic  power  generated  by  a  quantity  of  elec- 
tricity circulating  round  a  bar  of  iron,  equal  to  that  which 
was  originally  employed  in  the  decomposition  of  the  water. 

The  electrical  current  is  the  consequence  of  a  chemical 
action,  and  the  amount  of  electricity  which  circulates  can 
therefore  be  measured  by  the  quantity  of  zinc  which  is  dis- 
solved. The  chemical  force  (affinity)  is  converted  by  the 
solution  of  the  zinc  into  a  corresponding  quantity  of  elcc 
frricity ;  ond  tln3  again  in  the  conductor  into  its  equivalent  of 
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Ileal,  or  into  magnetic  force,  or,  dm  in  the  case  of  the  docom- 
poaitioQ  of  water,  inlo  chemical  force.  In  no  case  is  thcro  a 
diminution  or  increase  of  force.  If,  according  to  the  materi- 
alist, matter  is  indestrnctiblo,  the  same  holds  good  with  regard 
to  force.  It  is  not  eilingnished ;  its  apparent  anaihilation, 
ild  disappoaraDco,  is  0DI7  a  conTcrsion  inlo  some  other  form. 

We  know  now  the  origin  of  the  heat  and  light  wtudi 
warm  and  iUuminate  onr  dwellings,  of  the  heat  and  power 
gi?aerated  Iq  our  bodies  by  the  yital  proeusB.  Plants  are  the 
one  source  of  all  materials  used  for  the  production  of  licat 
and  light,  and  of  tliat  nourishment  whicli  must  be  daily  taken 
lo  majataln  the  phenomena  of  vilality.  The  elements  of 
I)iaal8  are  eortby  in  llioir  nature,  and  are  obtained  from 
water,  earth,  and  air.  In  plants,  certain  inorganic  coia- 
pounds — carbonic  acid,  water,  and  amoionia — are  decom- 
posed. Tbo  carbon  of  the  carbonic  acid,  the  hydrogen  of 
the  water,  and  the  nitro^n  of  tbo  ammonia,  are  retained  aa 

istilucnts  of  their  organs,  bot  the  oxygen  of  Iho  carbonic 
acid  and  of  the  water  are  returned  na  gas  to  the  air.  With 
out  Ugbt,  however,  plnois  cannot  grow. 

The  vital  process  ia  plants  cxbibits  itself  as  directly  oppo- 
site in  its  character  to  the  chcuucal  process  in  the  formation 
of  salts. 

C'arhonie  acid,  water,  and  Kiiie,  whoo  brought  together  pro- 
duco  a  certain  cfTcct  on  each  other.  In  virtue  of  cbemical 
alfinity  there  is  formed  a  white  powdery  compound,  contoio- 
ing  carbonic  acid,  zinc,  and  oxygen  tram  the  water,  and 
hydrogen  is  at  the  same  time  evolved. 

In  plants,  tho  living  bud  or  part  of  the  pkiit  lakea  the 
place  of  Iho  zinc.  By  their  growth  are  ibrmed,  from  carbonic 
acid  and  water,  compounds  containing  carbon  and  hydrogen, 
r  carbon  and  the  elements  of  water,  and  oxyjtn  ia  at  Uie 
same  time  evolved.  Sunlight  acta  in  living  plants  like  elee- 
trldty,  which  arrests  tbo  nulnral  attraction  of  tho  elements  of 
water,  and  separates  Uiem  from  each  otiier. 
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Without  the  light  of  the  Bun  plants  cannot  grow.  Th« 
living  germ,  the  green  leaf,  owe  to  the  son  their  power  of 
transforming  earthy  elements  into  living,  vigorous  structures. 
The  germ  may,  indeed,  be  evolved  under  ground  without  the 
action  of  light,  but  only  when  it  breaks  through  the  surfiice 
of  the  soil  does  it  first  acquire  the  power,  by  the  ran's  rays, 
of  converting  inorganic  elements  into  its  own  structure.  The 
illuminating  and  heating  rays  of  the  sun,  in  thus  bestowing 
life,  lose  their  own  light  and  heat.  Their  power  now  becomes 
latent  in  the  new  products  of  the  frame,  which  have  been 
produced  under  their  influence  from  carbonic  add,  water,  and 
ammonia.  The  light  and  heat  with  which  our  dwellings  are 
illuminated  and  warmed  are  but  those  bestowed  by  the  sun. 

The  food  of  men  and  animals  consists  of  two  classes  of 
materials,  which  differ  totally  in  their  nature.  One  class  is 
destined  to  the  production  of  blood  and  the  maintenance  of 
the  structure  of  the  body ;  the  other  is  similar  in  composition 
to  ordinary  materials  for  combustion.  Sugar,  starch,  the 
gum  of  bread,  may  bo  regarded  as  transformed  woody  fibre, 
for  we  can  prepare  them  from  this  substance.  Fat,  in  its 
amount  of  carbon,  resembles  closely  mineral  coal.  We  heat 
our  bodies  as  we  do  stoves,  by  combustibles  which  possess  the 
same  elements  as  wood  and  coal,  but  which  differ  cssentiaUy 
from  them  by  being  soluble  in  the  fluids  of  the  body. 

The  elements  of  nutrition  from  which  the  temperature  of 
the  body  is  derived,  evidently  produce  no  mechanical  power ; 
because  power  is  but  converted  heat,  and  the  heat  which 
maintains  and  elevates  the  temperature  of  the  body  does  not 
produce  any  other  effect  than  that  of  warmth. 

All  those  mechanical  operations  constantly  taking  place  in 
the  living  body,  in  the  movement  of  organs  and  limbs,  are 
dependent  on  an  accompanying  change  in  the  composition 
and  properties  of  those  highly  complex  sulphur  and  nitrogen 
constituents  of  the  muscles,  which,  though  furnished  by  the 
blood,  are  in  the  first  instance  derived  directly  from  the  food 
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of  man.  Tha  cbange  of  posilion  iu  the  elcmcnU  of  tliuse 
coiuplox  boilies,  attenJaat  oa  their  Tcarrann^cmeiit  inlo  n\^w 
Olid  BimploF  compounds,  necessarily  gives  rise  to  motion  ;  ani] 
the  molecular  movement  of  the  particles  in  a  elate  of  change 
is  transfijrred  to  tlie  muscular  moss.  Chemical  action  la  thus 
ovidctttly  the  som'ce  of  mechanical  power  in  bodies. 

The  elements  of  the  food  of  men  and  animals  which  gi\a 
rise  to  power  and  heat,  are  produced  in  living  plants  only  by 
tlie  action  of  snnb'ght.  The  rays  of  the  sun  become  latent, 
BO  to  speak,  in  them  in  the  same  way  as  tbo  current  of  elec- 
tricity becomes  latent  in  the  hydrogen  by  decomposition  of 
walcr. 

Man,  by  food,  not  only  maintains  the  perfect  elracturo  of 

his  body,  but  ho  daily  lays  ia  a  store  of  power  and  heat,  de- 

I  rircd  in  tbo  first  instance  from  tho  sun.    This  power  anil 

'   heat,  laldDt  for  a  time,  reappears  and  again  becomes  aclivQ 

Trlien  the  living  strncturca  are  resolved  by  the  vital  procusHes 

to  their  original  elements. 

The  rays  of  the  sun  add  daily  to  the  store  of  indestnicli- 

I  ble  forcc3  of  our  terrestrial  body,  maintaining  life  and  motiuu, 

I  Thus,  from  beyond  the  limits  of  our  earth,  tho  body,  tho  more 

I  earthly  vessel,  derives  all  that  may  be  called  good  in  it,  and 

I  of  this  not  a  single  particle  is  ever  lost. 
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**  Prindples  of  Human  Physiology  "  (1846),  which  reached  a  fifth  edition  in 
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ON  THE  COERELATIOIJ  OF  THE  PHYS 
lOAL  AND  VITAL  FOEOES. 


IN  evoiy  period  of  the  luBloiy  of  FliTsioIogf,  alUsmpta 
hare  been  made  ta  identify  all  the  forces  acting  ia  Uia 
Living  Body  villi  those  operating  in  the  Inorganic  unirerse. 
Bccanso  muscular  force,  when  brought  to  boar  on  the  bones, 
mores  them  according  to  tho  jnediaoicol  laws  of  lever  action, 
Aud  bccauae  the  propalaJvc  power  of  the  heart  drives  tho 
blood  lliroagh  the  vessels  according  to  tlio  rules  of  h7draiilic3, 
it  lias  been  iiuagined  that  the  movements  of  living  bodies  may 
be  espluiucd  oa  phjBical  priaciptes ;  the  most  important  con* 
sidumtion  of  alt,  namely,  tho  source  of  that  contractile  power 
whicli  tlio  living  muscle  posscasca,  but  which  tliu  dead  miiBcIo 
(though  having  lliu  samo  chemical  composition)  is  utterly  in- 
capable of  exerting,  being  altogether  left  out  of  view.  So, 
tgiuo,  1)ccauso  the  digestive  process,  wliercby  food  is  reduced 
to  a  lit  eteie  for  absorption,  as  well  as  the  formation  of  va- 
rious products  of  the  decomposition  that  is  continually  taking 
place  in  the  living  body,  may  be  initialed  in  the  laboratory 
of  tho  chemist  j  it  has  been  supposed  that  the  appropriation 
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of  the  natriment  to  the  prodaction  of  the  Uving  organized 
tissaes  of  which  the  several  parts  of  the  bodj  are  composed, 
is  to  be  regarded  as  a  chemical  action — as  if  anj  combinatioD 
of  albmnen  and  gelatine,  fat  and  starch,  salt  and  bone-earthy 
could  make  a  liying  Man  without  the  constmctive  agency  ip 
herent  in  the  germ  from  which  his  bodily  fabric  is  evolved.  * 

Another  class  of  reasoners  have  cut  the  knot  which  thej 
could  not  untie,  by  attributing  all  the  actions  of  living  bodies 
for  which  Physics  and  Chemistry  cannot  account,  to  a  hypo- 
thetical '^  Vital  principle ;"  a  shadowy  agency  that  does  every 
thing  in  its  own  way,  but  refuses  to  be  made  the  subject  of 
scientific  examination ;  like  the  "  od-force''  or  the  "  spiritual 
power  "  to  which  the  lovers  of  the  marvellous  are  so  fond  of 
attributing  the  mysterious  movements  of  turning  and  tilting 
tables. 

A  more  scientific  spirit,  however,  prevails  among  the  best 
Physiologists  of  the  present  day ;  who,  whilst  fully  recogniz- 
ing the  fact  that  many  of  the  phenomena  of  living  bodies  can 
be  accoimted  for  by  the  agencies  whose  operation  they  trace 
in  the  world  around,  separate  into  a  distinct  category — that 
of  vital  actions — such  as  appear  to  differ  altogether  in  kind 
from  the  phenomena  of  Physics  and  Chemistry,  and  seek  to 
determine,  £rom  the  study  of  the  conditions  under  which  these 
present  themselves,  the  laws  of  their  occurrence. 

In  the  prosecution  of  this  inquiry,  the  Physiologist  will 
find  it  greatly  to  his  advantage  to  adopt  the  method  of  philos- 
ophizing which  distinguishes  the  Physical  science  of  the  pres- 
ent from  that  of  the  past  generation ;  that,  namely,  which, 
whilst  fully  accepting  the  logical  definition  of  tho  cause  of  any 
phenomenon,  as  "  the  antecedent,  or  t£e  concurrence  of  ante- 
cedents on  which  it  is  invariably  and  unconditionally  Conse- 
quent" (Mill),  draws  a  distinction  between  the  dynamical 
and  tho  material  conditions ;  the  former  supplying  the  power 
which  docs  the  work,  whilst  the  latter  affords  the  instrumental 
means  through  which  that  power  operates. 


DrHAUICAL   Airo  MATKBIAI.   CONDITIONS.  4(.l3 

Thoa  if  wo  inspect  a  Cotton  Factory  in  full  action,  wo  find 
it  to  contain  a  vast  number  of  machines,  many  of  ihem  liut 
npotitiona  of  one  another,  but  many,  too,  prosentiag  the  moist 
barked  diversities  in  construction,  in  operation,  and  in  rosult- 
ftnt  producta.  We  see,  for  example,  that  one  is  supplied  wilh 
)  raw  material,  which  it  deans  and  dresses ;  that  anolljer 
teceivos  the  cotton  thus  prepared,  and  "  earda"  it  so  as  to  lay 
ita  flhres  in  such  an  arrangement  as  may  admit  of  its  being 
un  ;  that  onotJier  series,  taking  np  the  prodact  supplied  by 
Q  carding  machine,  twists  and  draws  it  out  into  threada  of 
Tariooa  degrees  of  fineness  ;  and  that  this  tliread,  eairied  into 
ft  fourth  set  of  machiaea,  ia  woven  inio  a  fabric  wliicli  may 
be  either  plain  or  variously  figured  aeeording  to  Iho  construe- 
'  lioQ  of  the  loom.  In  every  one  of  tUeso  dissimilar  operations 
Hna/orce  wlueii  is  immediately  concerned  in  bringing  about  the 
Iceulls  is  one  and  the  same  ;  and  tlic  variety  of  its  products  is 
-dependent  solely  upon  the  diversity  of  the  material  iuslru- 
Bients  through  which  it  operates.  Tct  these  ammgcmcnls, 
■kowevcr  skilfully  devised,  are  utterly  valueless  without  the 
fcrcc  which  brings  them  into  play.  All  llio  elaborale  mechan- 
I,  the  triumph  of  human  ingentiity  in  devising,  and  of  skill 
in  constructing,  b  as  powerless  as  a  corpse  without  the  vU 
I  which  alone  can  nnimale  it.  The  giant  stroke  of  the 
Stcam-eDgioc,  or  the  majestic  revolution  of  tho  watcr-whcci 
)  the  required  impulse ;  and  the  vast  apparatus  which 
was  the  moment  previously  in  a  stato  of  death-like  inactivity, 
is  aroused  to  all  the  energy  of  its  wondrous  life — every  pari 
of  its  complex  organization  taking  upon  itself  its  peculiar 
r  taodo  of  activity,  and  evolving  its  own  special  product,  in  vir- 
e  of  the  share  it  receives  of  the  one  general  force  diatrib- 
■Ucd  tlirough  the  entire  aggregate  of  machinery. 

But  if  wo  carry  back  our  investigation  a  stage  further,  and 
r  Inquire  into  the  origin  of  the  force  supplied  by  the  steum- 
I  wigine  or  iho  wai«r-whecl,  we  soon  meet  with  a  now  and 
\  most  eignificont  fad.    At  our  first  stage,  it  ia  true,  we  find 
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odIj  tlio  same  mechanical  force  acdng  through  a  difierent 
kind  of  instromcntalify ;  the  strokes  of  the  piston  of  the 
steam-engine  being  dependent  upon  the  elastic  force  of  the 
vapour  of  water,  whilst  the  revolution  of  the  water-wheel  is 
maintained  by  the  downward  impetus  of  water  en  tnaue. 
But  to  what  antecedent  dynamical  agency  can  we  trace  these 
forces  ?  That  agency  in  each  case  is  Ueat ;  a  force  altogether 
dissimilar  in  its  ordinary  manifestations  to  the  force  which 
produces  sensible  motion,  yet  capable  of  being  in  turn  oon- 
Tcrted  into  it  and  generated  by  it.  For  it  is  from  the  Heat 
applied  beneath  the  bofler  of  the  steamrengine  that  the  non- 
elastic  liquid  contained  in  it  derives  all  that  potency  as  clastic 
vapour,  which  enables  it  to  overcome  the  vast  mechanical  re- 
sistance that  is  set  in  opposition  to  it.  And,  in  like  manner, 
it  is  the  heat  of  the  solar  rays  which  pumps  up  terrestrial 
waters  in  the  shape  of  vapour,  and  thus  supplies  to  Man  a 
perrcnial  source  of  new  power  in  their  descent  by  the  force 
of  gravity  to  the  level  £rom  which  they  have  been  raised.* 

The  power  of  the  steam-engine,  indeed,  is  itself  derived 
more  remotely  £rom  those  same  rays ;  for  the  Heat  applied 
to  its  boilers  is  but  the  expression  of  the  chemical  change  in- 
volved in  combustion ;  that  combustion  is  sustained  either  by 
the  wood  which  is  the  product  of  the  vegetative  activity  of 
the  present  day,  or  by  the  coal  which  represents  the  vegeta- 
tive life  of  a  remote  geological  epoch ;  and  that  vegetative 
activity,  whether  present  or  past,  represents  an  equivalent 
amount  of  Solar  Light  and  Heat^  used  up  in  the  decomposi- 
tion of  the  carbonic  acid  of  the  atmosphere,  by  the  instru- 
mentality of  the  growing  plant.f  Thus  in  either  case  wc 
come,  directly  or  indirectly,  to  Solar  Radiation  as  the  main- 

*  See  on  tlii.^  pnbjoct  the  recent  admirable  address  of  Sir  William  Arm- 
BtroDg  at  the  Meeting  of  the  British  Association  at  Xewcastlc. 

f  This  was  discerned  by  the  genius  of  George  Stephenson,  before  tlio 
general  doctrine  of  the  Correlation  of  Forces  had  been  given  to  the  worid 
by  Mayer  and  Grove. 
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Bprtiig  of  oar  mechanical  power ;  the  vis  t!iva  of  our  wliols 
microcoHm.  Modem  phyaical  inquiry  venlures  even  one  step 
furthur,  ftnd  seeks  the  source  of  Light  and  Heat  of  the  Sun 
itself.  Are  these,  as  formerly  supposed,  the  result  of  com- 
bustion, or  are  they,  as  surmised  by  Mayer  and  Thomson, 
the  espressioD  of  the  motive  power  continually  generated  in 
the  fall  of  at-'roliles  towards  the  Sim,  and  as  continually  anni- 
liilaled  by  their  impact  on  its  §urface?  Leaving  the  discus- 
I  aioa  of  this  question  to  Physical  Philosophers,  I  proceed  now 
■  4o  my  own  proper  subject. 

It  is  now  about  twenty  years  since  Dr.  Mayer  first  broadly 

^announced,  in  all  its  generality,  the  great  jirlnciple  now  known 

I  that  of  "  Conservation  of  Force  ;"  as  a  necessary  deduc- 

Ijfion  from  two  axioms  or  essential  truths^-cc  nihilo  nilJU,  and 

fuSJit  ltd  nikitum — the  validity  of  whit:h  no  true  philosopher 

JjTOuld  ever  havo  theoretically  qaestioned,  but  of  which  ho 

B  Vas  (in  my  judgment)  tlio  first  to  appreciate  tJie  full  practical 

tuaring.     TLanks  to  tho  labours  of  Faraday,  Grove,  Joule, 

I,  and  Tyndoll,  to  say  nothiug  of  those  of  Ilclmholtz 

d  other  distinguished  Continental  savans,  the  great  doctrine 

[pressed  by  the   term   "Conservation  of  Force"   is   now 

mongst  the  best-established  generalizations  of  Physical  Sci- 

« ;  and  every  tboughtM  Physiologist  must  desire  to  see 

the  same  course  of  inquiry  thoroughly  pursued  in  regard  to 

the  phenomena  of  living  bodies.     This  ground  was  first  broken 

by  Dr<  Mayer  in  his  remarkable  treatise,  "  Die  Organiscbe 

^wegung  in  ihrem  Zusammenhango  mit  dcm  StoffwechscI" 

''^On  Organic  Movement  in  its  relation  to  Material  Chaogce," 

■eilbroon,  IdJ^)  ;  in  which  he  distinctly  set  forth  the  princi- 

)  that  the  source  of  all  changes  in  iho  living  Organisiit, 

s  well  as  vegetable,  lies  in  the  forces  octiug  upon  it 

I  without;   wliiUt  the  changes  in  its  own   composition 

roi^ht  about  by  these  agencies,  he  considers  to  bo  the  umne- 

iat«  ionrcc  of  iho  forces  which  are  generated  by  it. 

Ib  trealiAg  of  Uieae  forces,  however,  he  dwells  obiofly  on 
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the  prodactioii  of  Motion,  Heat,  Light,  and  Mectridtj  bj 
living  bodies ;  touching  more  slightly  upon  the  phenomena  of 
Growth  and  Development,  which  constitute,  in  the  eye  of  the 
physiologist,  the  distinct  province  of  vitality.  In  a  memoir 
of  my  own,  '^  On  the  Mutual  Relations  of  the  Vital  and  Phys- 
ical Forces,"  published  in  the  Philosophical  Transactions  for 
1850,*  I  aimed  to  show  that  the  general  doctrine  of  the  '*  Cor- 
relation of  the  Physical  Forces "  propounded  by  Mr.  Grove, 
was  equally  applicable  to  those  Vital  forces  which  must  be 
assumed  as  the  moving  powers  in  the  production  of  purely 
physiological  phenomena;  these  forces  being  generated  in 
living  bodies  by  the  transformation  of  the  Light,  Heat,  and 
Chemical  Action  supplied  by  the  world  aroimd,  and  being 
given  back  to  it  again,  either  during  their  life,  or  after  its 
cessation,  chiefly  in  Motion  and  Heat,  but  also  to  a  less  de- 
gree in  Light  and  Electricity.  This  memoir. attracted  but 
little  attention  at  the  time,  hoing  regarded,  I  believe,  as  too 
speculative  ;  but  I  have  since  had  abundant  evidence  that  the 
minds  of  thoughtful  Physiologists,  as  well  as  Physicists,  are 
moving  in  the  same  direction ;  and  as  the  progress  of  science 
since  the  publication  of  my  former  memoir,  would  lead  me 
to  present  some  parts  of  my  scheme  of  doctrine  in  a  different 
formj-j- 1  venture  to  bring  it  again  before  the  public  in  the 
form  of  a  sketch  (I  claim  for  it  no  other  title),  of  the  aspect 
in  which  the  application  of  the  principle  of  the  "  Conserva- 
tion of  Force  '*  to  Physiology  now  presents  itself  to  my  mind. 

*  At  this  date  the  labours  of  Dr.  Mayer  were  not  known  cither  to  my- 
self or  (so  far  as  I  am  aware)  to  any  one  else  in  this  country,  save  the  late 
Dr.  Baly,  who  a  few  months  after  the  publication  of  my  Memoir,  placed  in 
mj  hands  the  pamphlet,  "  Die  Organische  Bcwegung ; "  to  which  I  took  the 
earUest  opportunity  in  my  power  of  drawing  public  attention  in  "  The  Brit- 
ish and  Foreign  Mcdico-Chirurgical  Review  "  for  July,  1851,  p.  237. 

f  I  have  especially  profited  by  a  Memoir  on  the  CJorrelation  of  Physical, 
Chemical,  and  Vital  Force,  and  the  Conserration  of  Force  in  Vital  Phenom- 
ena, by  Prof.  Lc  Conte  (of  South  Carolina  College),  in  Silliman's  American 
Journal  for  Nov.,  1859,  reprinted  in  the  Philosophical  Magazine  for  18 GO. 
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IT,  in  the  first  place,  we  inquire  what  it  is  tLat  essentially 

I  disliDgaistics  Vital  irom  every  kind  of  Pliyaical  activity,  we   [ 

L  find  this  distinction  most  cLaractcriatiuolly  csprcEscd  in  the   / 

r  ttct  that  a  germ  endowed  with  Liie,  derelopes  itself  into  an    ' 

organism  of  a  tj-pe  resembling  that  of  its  parent ;  that  this 

Wganiam  ia  the  eubject  of  incessant  changes,  which  all  tend 

I   In  the  first  plaee  to  the  evolation  of  ita  typical  form,  and  snb- 

y  Kqaontly  to  its  maintenance  in  that  form,  notwithstanding  the 

]  KitaganiKm  of  Chemical  and  Physical  agencies,  which  are 

I  eontinuatly  tending  to  produce  ita  disintegration  ;  but  that,  as 

f  its  term  of  existence  ia  prolonged,  its  conservative  power  de- 

inea  so  aa  to  become  less  and  losa  able  to  resist  these  disintc- 

I  grating  forces,  to  which  it  finally  succumbs,  leaving  the  organ- 

o  be  resolved  by  their  agency  into  the  components  Irom 

^vhich  iia  materials  were  originally  drawn.     The  history  of  a 

Hving  organism,  then,  is  one  of  incessant  change;  and  the 

wnditiona  of  tliia  change  are  to  be  found  purily  in  the  organ- 

PiUD  itself,  and  partly  in  tlio  external  agencies  to  which  it  ia 

nbjceted.     That  condition  which  is  inherent  in  the  organism, 

K  being  derived  hereditarily  from  ita  progenitors,  may  be  con- 

jntly  termed  its  ijermifial  eapacity;  its  parallel  in  the  in- 

K  organic  world  being  that  fundamental  difference  in  properties 

I  irliich    constitutes  the  distinction    between    one    EubBtancc, 

P  whether  elementary  or  compound,  and  another ;  in  virtue  of 

L  irhich  each  "  behaves"  in  its  own  characteristic  manner  when 

I  flnhjeded  to  new  conditions. 

Thua,  although  there  may  be  uolhiag  in  the  aspect  or  son- 
ble  properties  of  the  germ  of  a  Polype,  to  distiuguii^h  from 
Itfiat  of  a  Man,  we  find  that  each  develops  itself,  if  Ilic  reqiil- 
Btttc  conditions  be  supplied,  into  ita  typical  form,  and  no  oilier; 
B'lf  the  developmental  conditioaa  required  by  either  be  not  sup- 
■jdicd  wo  do  not  find  a  different  type  evolved,  but  no  evolution 
i(  all  takes  place.* 


*  It  U  quite  t( 


g  cortniti  of  (he  Igwi^  tribes,  both  of  Ituu 
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Now  the  difference  between  a  being  of  high  and  a  being 
of  low  organization  essentially  consists  in  tills :  that  in  the 
latter  the  constituent  parts  of  the  &bric  evolved  by  the  pro- 
cess of  growth  from  the  original  germ,  are  similar  to  each 
other  in  stracture  and  endowments,  whilst  in  the  former  they 
are  progressively  differentiated  with  the  advance  of  develop* 
ment,  so  that  the  fabric  comes  at  last  to  consist  of  a  number 
of  organs^  or  instruments,  more  or  less  dissimilar  in  struc- 
ture, composition,  and  endowments.  Thus  in  the  lowest 
forms  of  Vegetable  life,  the  primordial  germ  multiplies  itself 
by  duplicative  subdivision  into  an  apparently  unlimited  num- 
ber of  cells,  each  of  them  similar  to  every  other,  and  capa- 
ble of  maintaining  its  existence  independently  of  them.  And 
in  that  lowest  Rhizopod  type  of  Animal  life,  the  knowledge 
of  which  is  among  the  most  remarkable  fruits  of  modem  bio- 
logical research,  "  the  Physiologist  has  a  case  in  which  those 
vital  operations  which  he  is  elsewhere  accustomed  to  see  car^ 
ried  on  by  an  elaborate  apparatus,  are  performed  without  any 
special  instruments  whatever ;  a  little  particle  of  apparently 
homogeneous  jelly  changing  itself  into  a  greater  variety  of 
forms  than  the  fabled  Proteus,  laying  hold  of  its  food  without 
members,  swallowing  it  wdthout  a  mouth,  digesting  it  without 
a  stomach,  appropriating  its  nutritious  material  without  absorb- 
ent vessels  or  a  circulating  system,  moving  from  place  to  place 
without  muscles,  feeling  (if  it  has  any  power  to  do  so)  with- 
out nerves,  propagating  itself  without  genital  apparatus,  and 

and  Animals,  especially  the  Fungi  and  EtUozoa — similar  germs  may  dcTel« 
op  thcmsclYCS  into  very  dissimilar  forms,  according  to  the  conditions  mi« 
der  which  they  arc  evolved ;  but  such  diversities  are  only  the  same  kind  as 
those  which  manifest  themselves  among  individuals  in  the  higher  Plants  and 
Animals,  and  only  show  that  in  the  types  in  question  there  is  a  less  dose 
conformity  to  one  pattern.  Neither  in  these  groups,  nor  in  that  group  of 
Foraminifcray  in  which  I  have  been  led  to  regard  the  range  of  variation 
as  peculiarly  great,  docs  any  tendency  ever  show  itself  to  the  assumption 
of  the  characters  of  any  group  fundamentally  dissimilar. 
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flot  onlj  this,  but  in  many  insfAOces  forming  ehelly  corcringa 
of  a  Bynaaetry  and  complexity  Dot  surpassed  by  ibost:  of  any 
testa(%ous  animala,"'  whilst  tho  mere  separation  of  a  frag- 
jneDt  of  this  jelly  b  sufficient  to  originate  a  now  and  inde- 
pendent organism,  so  that  any  number  of  these  beings  may 
be  produced  by  tho  eucceasivo  dctactuncnt  of  eacli  particles 
from  a  single  Rhizopod,  each  of  them  retaining  (bo  far  as  wc 
have  at  present  the  means  of  knowing)  the  charactcrialic  en- 
dowments of  tho  stock  &om  which  it  was  an  oSuet. 

When, -on  the  other  hand,  we  watch  the  evolution  of  any 
of  the  higher  types  of  Organization,  whether  vegetable  or 
animal,  wc  ohserre  that  although  in  the  first  instance  the  pri- 
mordial cell  multiplies  itself  by  duplicativo  subdivision  into 
an  aggregation  of  cells,  which  are  apparently  but  repetitions 
of  itself  and  of  each  other,  this  homogeneous  extension  has 
in  each  case  a  definite  limit,  speedily  giving  place  to  a  struc- 
,   tnral  differentiation,  which  bef'omes  more  and  more  decided 
'   with  the  progress  of  development,  uotU  in  that  most  heliTO- 
'   geneons  of  all  types — the  Human  Organism — no  two  parts  are 
I  precisely  identical,  except  those  which  correspond  to  each 
I  other  on  tho  opposite  sides  of  the  body.     With  this  structural 
I  diSerentiation  is  associated  a  corresponding  differenliatioa  of 
I  ftmcljon ;  for  whilst  in  the  life  of  the  most  highly  developed 
[  ud  complex  organism  wo  witness  no  act  wluch  is  not  forc- 
k  shadowed,  however  vaguely,  in  that  of  the  lowest  and  sira- 
Lplest,  yetwe  observe  in  it  that  same  "  division  of  labour" 
E  which  constitntcs  the  essential  characteristic  of  the  highest 
L  grade  of  civilization.     For,  in  what  may  be  termed  the  ele- 
Imentary  form  of  Human  Society,  in  which  every  individual 
f.relies  upon  himself  alone  for  the  supply  of  all  his  waniB,  uo 
I  greater  result  can  be  obtained  by  the  aggregalu  action  of  the 
e  eommnni^  than  its  mere  maintenance  ;  but  as  each  In- 

•  See  Uic  Autbor'a  Introduction  to  the  Studj  of  the  ForamiuifiTa,  pul>- 
|;Silicd  bj  the  Ra?  Bodet;,  1802 :  Frafwo,  p.  viL 
18 
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dividual  selects  a  special  mode  of  activity  for  himself,  and 
aims  at  improvement  in  that  specialty,  he  finds  himself  attain- 
ing  a  higher  and  still  higher  degree  of  aptitude  for  it ;  and 
this  specialization  tends  to  increase  as  opportunities  arise  for 
new  modes  of  activity,  until  that  complex  fabric  is  evolved 
which  constitutes  the  most  developed  form  of  the  Social  State 
wherein  every  individual  finds  the  work — ^mental  or  bodily— 
for  which  he  is  best  fitted,  and  in  which  he  may  reach  the 
highest  attainable  perfection;  while  the  mutual  dependence 
of  the^  whole  (which  is  the  necessary  result  of  this  specializa- 
tion of  parts)  is  such  that  every  individual  works  for  the 
^  benefit  of  all  his  fellows,  as  well  as  for  his  own.  As  it  is 
'  i--  only  in  such  a  state  of  society  that  the  greatest  triumphs  of 
himian  ability  become  possible,  so  is  it  only  in  the  most  dif- 
ferentiated types  of  Organization  that  Vital  Activity  can  pre- 
sent its  highest  manifestations.  In  the  one  case,  as  in  the 
other,  does  the  result  depend  upon  a  process  of  gradual  devel- 
opmentj  in  which,  under  the  influence  of  agencies  whose  na- 
ture constitutes  a  proper  object  of  scientific  inquiry,  that  most 
general  form  in  which  the  fabric — whether  corporeal  or  social 
^HDnginates,  evolves  itself  into  that  most  special  in  which  its 
development  culminates. 

But  notwithstanding  the  wonderful  diversity  of  structure 
and  of  endowments  which  we  meet  with  in  the  study  of  any 
complex  Organism,  we  encounter  a  harmonious  unity  or  cooi> 
dination  in  its  entire  aggregate  of  actions,  which  is  yet  more 
wonderful.  It  is  in  this  harmony  or  coordination,  whose  ten- 
dency is  to  the  conservation  of  the  organism,  that  the  state  of 
Health  or  Normal  life  essentially  consists.  And  the  more 
profound  our  investigations  of  its  conditions,  the  more  definite 
becomes  the  conclusion  to  which  we  are  led  by  the  study  of 
them — ^that  it  is  fundamentally  based  on  the  common  origin 
of  all  thQse  diversified  parts  in  the  same  germ,  the  vital  en- 
dowments of  which,  equally  difi*used  throughout  the  entire 
fabric  in  those  lowest  forms  of  organization  in  which  every 
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p&rL  ia  but  a  repetition  of  eyoiy  other,  are  difibrcntiated  in 
tliQ  higheat  amongst  a  yarie^  of  orgaUB,  acquiring  in  ^irtuo 
of  tliis  difierontiation  a  much  greater  ind-iuitj. 

Tliufl,  then,  we  may  lake  that  mode  of  Vital  Aetirity 
vrhicli  nianifesta  ilaclf  in  the  evolutiua  of  the  germ  inlo  the 
complela  organism  rqwaling  the  type  of  its  pareni,  and  the 
subsequent  maintenance  of  that  organism  in  its  integrity,  in 
the  one  case  as  in  tho  other,  at  the  expense  of  malerials  de- 
rived from  external  sources — aa  tho  most  universal  aud  most 
fiiudamcntal  charaeleristic  of  Life ;  and  we  have  now  to  eon- 
sider  tho  nature  and  source  of  the  Force  or  Power  by  which 
that  evolution  ia  brought  about.  The  prevalent  opinion  has 
until  lately  l>ccn,  that  this  power  is  inherent  in  the  germ ; 
which  has  been  supposed  to  derive  from  its  parent  not  merely 
its  material  substance,  but  a  imua  formaiivus,  bUdungatrieb, 
or  germ  force,  iu  virtue  of  which  it  builds  itself  up  into  the 
likeness  of  its  parent,  and  maintains  itself  ia  that  likeness 
until  the  force  is  eshaiisted,  at  the  eame  time  imparting  a 
fraction  of  it  to  each  of  its  progeny.  lu  this  mode  of  view- 
ing tho  Bubjoct,  all  the  organizing  force  required  to  buUd  up 
an  Oak  or  a  Palm,  aa  Elephant  or  a  Whale,  must  bo  concen- 
trated in  a  minute  particle,  only  discemiblo  by  microscopic 
aid,  and  tho  aggregate  of  all  the  germ-forces  appertaining  to 
tlio  descendants,  however  numerous,  of  a  common  parentage, 
st  have  existed  in  their  original  progenitors.  Thus  in  the 
e  of  ihe  successive  viviparous  broods  of  Aphtdet,  a  gorm- 
foiee  capable  of  organixiug  a  moss  of  liviog  structure,  which 
woidd  amount  (it  has  been  calculated)*  in  the  tenth  brood 
111  tlic  bulk  of  five  hundred  millions  of  stout  men,  must  have 
bi'cn  sliQt  up  in  tho  single  individual,  weighing  perhaps  tho 
l-lU(K>tIi  of  a  grain,  from  which  tho  first  brood  was  evolved. 
I   And  ia  like  maoner,  the  gorm-force  which  has  organized  the 

t  niiiJty  OQ  llio  "  Agamic  RuproiucIJou  of  Ai)lu*,"  in  Linn. 
|L  xxiL,  p.  216. 
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bodies  of  all  the  individual  men  that  have  lived  from  Adam 
to  the  present  day,  must  have  been  concentrated  in  the  body 
of  their  common  ancestor.  A  more  complete  reductio  ad  ah* 
surdum  can  scarcely  be  brought  against  any  hypothesis  ;  and 
we  may  consider  it  proved  that  in  some  way  or  other,  fresh 
organizing  force  is  constantly  being  supplied  from  without 
during  the  whole  period  of  the  exercise  of  its  activity. 

When  we  look  carefully  into  the  question,  however,  we 
find  that  what  the  germ  really  supplies  is  not  the  force,  but 
the  directive  agency  ;  thus  rather  resembling  the  control  exer- 
cised by  the  superintendent  builder,  who  is  charged  with 
working  out  the  design  of  the  architect,  than  the  bodily  force 
of  the  workmen  who  labour  under  his  guidance  in  the  con- 
struction of  the  fabric.  The  actual  constructive  force,  as  we 
learn  from  an  extensive  survey  of  the  phenomena  of  life,  is 
supplied  by  Heat,  the  influence  of  which  upon  the  rate  of 
groAvth  and  development,  both  animal  and  vegetable,  is  so 
marked  as  to  have  universally  attracted  the  attention  of  Phys- 
iologists, who,  however,  have  for  the  most  part  only  i^ecognizcd 
in  it  a  vital  stimulus  that  caUs  forth  the  latent  power  of  the 
germ,  instead  of  looking  upon  it  as  itself  furnishing  the  power 
that  docs  the  work.  It  has  been  from  the  narrow  limitation 
of  the  area  over  which  physiological  research  has  been  com- 
monly prosecuted,  that  the  intimacy  of  this  relationship  be- 
tween Heat  and  the  Organizing  force  has  not  sooner  become 
apparent.  Whilst  the  vital  phenomena  of  Warm-blooded  ani- 
mals, which  possess  within  themselves  the  means  of  main- 
taining a  constant  temperature,  were  made  the  sole,  or  at  any 
rate  the  chief  objects  of  study,  it  was  not  likely  that  the  in- 
quirer would  recognize  the  full  influence  of  external  heat  in 
accelerating,  or  of  cold  in  retarding  their  functional  activity. 
It  is  only  when  the  survey  is  extended  to  Cold-blooded  ani- 
mals and  to  Plants,  that  the  immediate  and  direct  relation  be- 
tween Heat  and  Vital  Activity,  as  manifested  in  the  rate  of 
growth  and  development,  or  of  other  changes  pecuHar  to  the 
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liriog  body,  is  aiimistakablyntaaireetcd.  To  some  (if  tbosa 
plicnomoDa,  wliich  afford  tho  best  Ulastrations  of  ihc  moila 
in  wliich  Ileat  aeU  upon  tLe  living  organiam,  attention  wiU 
now  be  directed. 

Coramenfing  with  tliu  Vegotablo  Icingdom,  we  find  that  tho 
operation  of  Heat  aa  the  motive  power  or  djuamical  agency, 
to  which  the  phenomena  of  growtli  and  development  are  to  ba 
referred,  is  pecnliarly  well  seen  in  the  process  of  Germina- 
tion. The  seed  consists  of  an  embryo  which  hoa  already  ad- 
vanced to  a  certain  stage  of  development,  and  of  a  store  of 
nntrimeut  laid  up  as  the  material  for  ita  further  evolntion ; 
and  !n  Ihc  fact  that  this  evolution  is  carried  on  at  tho  expense 
of  organic  compounds  already  prepared  by  extrinsic  agency, 
until  (the  store  of  these  being  exhansted)  the  young  plant  ui 
sudicicndy  far  advanced  in  Its  development  to  be  able  to  elab- 
orate them  for  itself,  the  condition  of  tho  germinating  embryo 
resembles  that  of  an  Animal.  Now,  the  seed  may  remain 
(under  lavourable  circumstances)  in  a  state  of  absolute  inac- 
tion during  an  unlimited  period.  If  secluded  irom  tho  free 
access  of  air  and  molBtnre,  and  kept  at  a  low  temperature,  it 
is  removed  from  all  influences  tliat  would  on  the  one  hand 
occasion  its  disiategrotion,  or  on  tho  other,  wonld  call  it  into 
active  life.  But  when  again  exposed  to  air  and  moisture,  and 
Bubjoctcd  to  a  higher  temperature,  it  either  germinates  or  de- 
cays, occoriling  as  the  embryo  it  contains  has  or  has  not  pre- 
served its  vital  endowments — a  question  which  only  experi- 
mnat  can  resolve.  Tho  process  of  germination  is  by  no  mcons 
a  simple  one.  The  nutriment  stored  up  in  the  seed  is  in  great 
part  in  llie  contlitiun  of  insoluble  starch ;  and  this  must  be 
brought  into  a  soluble  form  before  it  can  be  appropriated  by 
tile  embryo.  The  melamoqihosis  is  effected  liy  the  agency  of 
a  ferment  termed  dicutase,  which  is  liiid  up  in  the  immediate 
neighbourhood  of  the  embryo,  and  wliich,  when  brought  to 
act  on  starch,  converts  it  in  the  fintt  instance  into  soluble  dex- 

le,  and  then  (if  its  action  be  continued)  into  sugar.     The 
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dextrine  and  sugar,  combined  ynih  the  albuminous  and  oily 
compounds  also  stored  up  in  the  seed,  form  the  "protoplasm^ 
which  is  the  substance  immediately  supplied  to  the  young 
plant  as  the  material  of  its  tissues  ;  and  the  conversion  of  this 
protoplasm  into  various  forms  of  organized  tissue,  which  be- 
come more  and  more  differentiated  as  development  advances, 
is  obviously  referable  to  the  vital  activity  of  the  germ.  Now 
it  can  be  very  easily  shown  experimentally  that  the  rcUe  of 
grototh  in  the  germinating  embryo  is  so  closely  related  (within 
certain  limits)  to  the  amount  of  heat  supplied,  as  to  place  its 
dependence  on  that  agency  beyond  reasonable  question :  so 
that  we  seem  fully  entitled  to  say  that  Heat,  acting  through 
the  germ,  suppliQaJh.cj:o&atCU£ti>^e  force  or- power  by  which  the 
Vegetable  fabric  is  built  up.*  But  there  appears  to  be  another 
source  of  that  power  in  the  seed  itself.  In  the  conversion  of 
the  insoluble  starcli  of  the  seed  into  sugar,  and  probably  also 
in  a  1  art  her  metiiinorphosis  of  a  part  of  that  sugar,  a  large 
quantity  of  carbon  is  climiaated  from  the  seed  by  combining 
with  the  oxygen  of  the  air,  so  as  to  form  carbonic  acid ;  this 
combination  is  necessarily  attended  with  a  disengagement  of 
heat,  which  becomes  very  sensible  when  (as  in  molting)  a 
large  number  of  germinating  seeds  are  aggregated  together ; 
and  it  cannot  but  be  regarded  as  probable  that  the  heat  thus 
evolved  within  the  seed  concurs  with  that  derived  from  with- 
out, in  supplying  to  the  germ  the  force  that  promotes  its  evo- 
lution. 

•  The  cfloct  of  Heat  is  doubtless  manifested  very  dilTereutly  by  differ- 
eut  seeds ;  such  variations  bcmg  partly  spcdjic^  i)arlly  tmVfVHJual.  But 
these  are  no  greater  than  we  sec  in  the  inorganic  world  :  the  increment  of 
temperature  and  the  augmentation  of  bulk  exhibite<l  by  different  substances 
when  subjected  to  the  «ame  absolute  measure  of  heat,  being  as  diverse  as 
the  subdtaucos  tliemselves.  The  whole  process  of  "  Malting,"  it  may  be 
remarked,  is  based  on  the  regularity  with  which  the  seeds  of  a  particular 
Rpecies  may  be  at  any  time  forced  to  a  definite  rate  of  germination  by  a 
d<»fiuite  increment  of  temperature. 


p. 
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Tlie  condition  of  the  Plant  whicli  has  attaiocd  a  more  ad- 
vanced stage  of  its  development,  differs  from  tbat  of  the  ger- 
miuating  embryo  esaentially  in  this  particular,  that  the  organic 
conipoonda  which  it  requires  as  the  maloriais  of  the  exicnsion 
of  the  fabric  ore  formed  by  ilaelf,  instead  of  being  supplied  to 
it  from  without.  The  tissues  of  the  coloured  surfaces  of  the 
leaves  and  siems,  when  acted  on  by  light,  have  the  peculiar 
power  of  generating — at  tbo  expense  of  carbonic  acid,  water, 
and  ammonia — various  ternary  and  (]uatemary  organic  com- 
pounds, such  as  chloropliyll,  stareb,  oil,  and  albumen  ;  and  of 
the  compounds  thus  generated,  some  are  appropriaicd  by  the 
constructive  force  of  the  plant  (Jerivcd  from  the  heat  with 
which  it  ia  supplied)  to  the  formniion  of  new  tissues  ;  whilst 
others  arc  stored  up  in  the  cavities  of  those  tissues,  where 
ihcy  ultimately  servo  either  for  the  evolution  of  parts  subse- 
qucnlly  developed,  or  for  the  nutrition  of  animab  which  em- 
ploy them  aa  food.  Of  tbo  source  of  those  pecnliar  at1iaiti«s 
by  which  the  components  of  the  starch,  albumen,  &c,,  are 
bronglit  together,  we  have  no  right  to  speak  confidently ;  but 
looking  to  the  fact  that  these  compounds  arc  not  produced  in 
any  case  by  llto  direct  union  of  their  elomenls,  and  that  a  (te- 
coniposition  of  binary  compounds  seems  to  bo  a  necessary 
BQt«cedent  of  their  formation,  it  is  scarcely  improbable  tbat, 
as  suggested  by  Prof.  Lo  Conte  (op.  cil.),  tbat  source  is  to  be 
found  to  the  chemical  forces  set  free  in  the  preliminary  act  of 
decomposition,  in  which  the  elements  would  be  liberaled  in 
that  "  nascent  condition"  which  is  well  known  to  bo  one  of 
peculiar  energy. 

The  influence  of  Lights  then,  upon  Ycgetablo  organism  ap- 
pears to  be  essentially  exerted  in  bringing  about  what  may  bo 
considered  a  higher  mode  of  chemical  combination  between 
osygen,  hydrogen,  and  carlion,  with  the  addition  of  nitrogen 
in  certain  cases  ;  and  there  ia  no  evideuce  tliat  it  eslcnds  be- 
yond this.  That  the  appropriation  of  the  materiab  thus  prft- 
pared,  and  iheir  conversion  into  orgonieed  tissue  in  the  oporop 
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lions  of  growth  and  deyelopment,  are  dependent  on  the  agency 
of  Heat,  is  jnst  as  evident  in  the  stage  of  maturity  as  in  that 
of  germination.  And  there  is  reason  to  believe,  further,  that 
an  additional  source  of  organizing  force  is  to  be  found  in  the 
retrograde  metamorphosis  of  organic  compounds  that  goes  on 
during  the  whole  life  of  the  plant ;  of  which  metamorphosis 
the  expression  is  furnished  by  the  production  of  carbonic  acid. 
This  is  peculiarly  remarkable  in  the  case  of  the  Fungi^  which, 
being  incapable  of  forming  new  compounds  under  the  influ- 
ence of  light,  are  entirely  supported  by  the  organic  matters 
they  absord,  and  which  in  this  respect  correspond  on  the  one 
hand  with  the  germinating  embryo,  and  on  the  other  with 
Animals.  Such  a  decomposition  of  a  portion  of  the  absorbed 
material  is  the  only  conceivable  source  of  the  large  quantity 
of  carbonic  acid  they  are  constantly  giving  out ;  and  it  would 
not  seem  imlikely  that  the  force  supplied  by  this  retrograde 
metamorphosis  of  the  superfluous  components  of  their  food, 
which  fall  down  (so  to  speak)  from  the  elevated  plane  of  "  prox- 
imate principles,"  to  the  lower  level  of  comparatively  simple 
binary  compounds,  supplies  a  force  which  raises  another  por- 
tion to  the  rank  of  living  tissue,  thus  accounting  in  some  de- 
gree for  the  very  rapid  growth  for  which  this  tribe  of  Plants 
is  so  remarkable.  This  exhalation  of  carbonic  acid,  however, 
is  not  peculiar  to  Fungi  and  germinating  embryos,  for  it  takes 
place  during  the  whole  life  of  flowering  plants,  both  by  day 
and  by  night,  in  sunshine  and  in  shade,  and  from  their  green 
as  well  as  from  their  dark  surfaces ;  and  it  is  not  improbable 
that,  as  in  the  case  of  the  Fungi,  its  source  lies  partly  in  the 
organic  matters  absorbed,  recent  investigations  *  having  ren- 
dered it  probable  that  Plants  really  take  up  and  assimilate 
soluble  humus,  which,  being  a  more  highly  carbonized  sub- 
stance than  starch,  dextrine,  or  cellulose,  can  only  be  con- 

•  See  the  Memoir  of  M.  Risler,  "  On  the  Absorption  of  Homua/*  ic 
t]ie  "Biblioth6quc  Univereelle,"  N.  a,  1858,  torn.  I,  p.  305. 
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verlcd  into  compouads  of  the  latter  kind  by  parttug  wilb  soma 
of  ita  carbon.  Bnt  it  may  also  take  place  at  tha  expense  of 
Coiaponnda  previously  generated  by  the  plant  itself,  and  elored 
up  in  its  Ussnea ;  of  which  we  seem  to  have  an  example  la 
the  nnusnal  production  of  carbonic  acid  which  takcB  place  at 
the  period  of  flowering,  especially  in  such  plants  as  have  a 
fleshy  disk,  or  receptacle  containing  a  large  quantity  of  etaxch ; 
and  thus,  it  may  be  surmised,  an  extra  supply  of  force  is  pro- 
vided for  the  maturation  of  those  generative  proditcis  whoso 
preparation  seems  to  be  the  highest  expression  of  the  vital 
power  of  the  vegetable  organism. 

The  entire  aggregate  of  organic  compoimds  containod  in 

tha  vegetable  tissnes,  then,  may  be  considered  as  the  cxpres- 

eion,  not  merely  of  a  certain  amount  of  the  material  elemcnLi, 

oxygen,  hydrogen,  carbon,  and  nilroj^en,  derived  (directly  or 

indireclly)  from  the  water,  carbonic  acid,  and  anmaonia  of  the 

atmosphere,  but  also  of  a  certain  amount  of  force  which  has 

been  exerted  in  raising  these  from  ^e  lower  plane  of  simple 

binary  compounds,  to  tlie  higher  level  of  complex,  - "  proxi- 

mato  principles  ;"  whilst  the  portion  of  these  actually  converted 

I  into  organized  tissue  may  bo  considered  us  the  expression  of 

1  ■  further  measure  of  force,  which,  acting  under  the  dirociiva 

I  i^ncy  of  the  germ,  has  served  to  build  np  the  faliriu  in  its 

I  characteristic  type.     This  constructive  action  goes  on  during 

I  the  whole  Life  of  the  I'lant,  which  essentially  manifests  itself 

t  either  in  the  extension  of  the  original  fabric  (to  which  iu 

r  many  instances  tliere  seems  no  deJeiminate  limit),  or  in  iLe 

I  production  of  the  germs  of  ucw  and  iadepundeut  organism-i. 

1  It  is  interesting  to  remark  that  Iho  development  of  the  more 

i  permanent  porta  involves  the  eaccessional  decay  and  renewal 

Lof  parts  whose  ojciatcncc  is  tcmporory.     The  "fall  of  the 

I  leal""  ia  the  effect,  not  the  caiiae,  of  the  cessation  of  that  jn- 

1  culiar  fiinctional  aetivily  of  its  lisBUcs,  which  consists  in  the 

elaboration  of  tlio  nutritive  material  required  for  the  prodiic- 

I  lion  of  wood.    And  it  would  seem  as  if  the  duration  of  their 


I 
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existence  stands  in  an  inverse  ratio  to  the  energy  of  their  ac- 
tion ;  the  leaves  of  "  evergreens,"  which  are  not  cast  off  until 
the  appearance  of  a  new  succession,  effecting  their  functional 
changes  at  a  much  less  rapid  rate  than  do  those  of  "  deci- 
duous "  trees,  whose  term  of  life  is  far  more  brief. 

Thus,  the  final  cause  or  purpose  of  the  whole  Vital  Activ- 
ity of  the  Plant,  so  far  as  the  individual  is  concerned,  is  to 
produce  an  indefinite  extension  of  the  dense,  woody,  almost 
inert,  but  permanent  portions  of  the  fabric,  by  the  successional 
development,  decay,  and  renewal  of  the  soft,  active,  and  tran- 
sitory cellular  parenchyma ;  and  according  to  the  principles 
already  stated,  the  descent  of  a  portion  of  the  materials  of  the 
latter  to  the  condition  of  binary  compounds,  which  is  mani- 
fested in  the  largely-increased  exhalation  of  carbonic  acid 
that  takes  place  from  the  leaves  in  the  later  .part  of  the  sea- 
son, comes  to  the  aid  of  external  Heat  in  supplying  the  force 
by  which  another  portion  of  those  materials  is  raised  to  the 
condition  of  organized  tissue.  The  vital  activity  of  the 
Plant,  however,  is  further  manifested  in  the  provision  made 
for  the  propagation  of  its  race,  by  the  production  of  the 
germs  of  new  individuals  ;  and  here,  again,  we  observe  that 
whilst  a  higher  temperature  is  usually  required  for  the  devel- 
opment of  the  flower,  and  the  maturation  of  the  seed,  than 
that  which  suffices  to  sustain  the  ordinary  processes  of  vege- 
tation, a  special  provision  appears  to  be  made  in  some  in- 
stances for  the  evolution  of  force  in  the  sexual  apparatus  it- 
self, by  the  retrograde  metamorphosis  of  a  portion  of  the  or- 
ganic compounds  prepared  by  the  previous  nutritive  opera- 
tions. This  seems  the  nearest  approach  presented  in  the 
Vegetable  organism,  to  what  we  shall  find  to  be  an  ordinary 
mode  of  activity  in  the  Animal.  That  the  performance  of 
the  generative  act  involves  an  extraordinary  expenditure  of 
vital  force  apj)L'ars  from  this  remarkable  far-t,  that  blossoms 
which  witlier  and  die  as  soon  as  the  ovules  have  been  fertil- 
ized, may  be  kept  fresh  for  a  long  period  if  fertilization  bo 
prevented. 
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The  dticay  which  is  conlinuiill^  going  on  during  the  li& 
of  a  Plant  rcBtorcs  1o  the  inorganic  world,  in  the  form  of  (?ar 
bonic  acid,  water,  and  ammonia,  a  part  of  tlie  matcriiJa  drawn 
from  it  in  the  act  of  vegetation ;  and  a  reservation  being  made 
of  those  Tegetable  products  which  arc  consumed  as  food  b^ 
Animals,  or  which  are  preserved  (like  timber,  flax,  cotton, 
&c.)  in  a  state  of  permanence,  the  various  forms  of  decom- 
position which  take  place  after  death  complete  that  restora- 
tion. But  in  retaming,  however  slowly,  to  the  condition  of 
water,  carbonic  acid,  ammonia,  &c.,  the  constituents  of 
Flunts  give  forth  an  amount  of  Lent  equivalent  to  that  which 
they  would  generate  by  the  process  of  oriiiuary  combustion  ; 
and  thus  they  restore  to  the  inorganic  world,  not  only  tie  nta- 
terials,  but  the  forces,  at  the  espeaae  of  which  Ihe  vegetable 
fubrio  was  constructed.  It  is  for  the  most  part  only  in  tJie 
humblest  Plants,  and  in  a  particular  phase  of  their  lives,  that 
such  a  restoration  takes  place  in  the  form  of  motion,  this  mo< 
tion  being,  like  growth  and  development,  an  cspression  of  tbo 
vital  activity  ol"  the  "  Zoospores"  of  AIg<c,  and  being  ob- 
viously intended  for  their  dispersion. 

Uence  we  scum  justified  in  affirming  that  the  Correlation 
between  beat  and  the  organizing  force  of  Plants  is  not  less 
intimate  than  that  which  exists  between  heat  and  moijon. 
The  spcciol  attribute  of  the  vegetable  germ  b  its  power  of 
utilizing,  niler  its  own  particular  fasbioa,  the  heat  which  it 
receives,  and  of  opplying  it  as  a  constructive  power  to  the 
building-up  of  its  fabric  after  its  choruetcriKlic  type. 


I 
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IL— KELATIONS  OF  LIGHT  AND  HEAT  TO  THE  VITAL  FORCES 

OF  ANIMALS. 

Those  of  our  readers  who  accompanied  us  through  the 
first  part  of  our  inquiry  are  aware  that  it  was  our  object  to 
show,  that  as  force  is  never  lost  in  the  inorganic  world,  so 
force  is  never  created  in  the  organic ;  but  that  those  various 
operations  of  vegetable  life  which  are  sometimes  vaguely 
attributed  to  the  agency  of  an  occult  "  vital  principle,"  and 
are  referred  by  more  exact  thinkers  to  certain  Vital  Forces 
inherent  in  the  organism  of  the  plant,  are  really  sustained  by 
solar  light  and  heat.  These,  we  have  argued,  supply  to 
each  germ  the  whole  power  by  which  it  builds  itself  up,  at  the 
expense  of  the  materials  it  draws  from  the  Inorganic  Uni- 
verse, into  the  complete  organism ;  while  the  mode  in  which 
that  power  is  exerted  {generally  as  vital  force,  specially  as 
the  determining  cause  of  the  form  peculiar  to  each  type)  de- 
pends upon  the  "germinal  capacity"  or  directive  agency  inher- 
ent in  each  particular  germ.  The  first  stage  in  this  construc- 
tive operation  consists  in  the  production  of  certain  organic 
compounds  of  a  purely  chemical  nature — such  as  gum,  starch, 
sugar,  chlorophyll,  oil,  and  albumen — at  the  expense  of  the 
oxygen,  hydrogen,  carbon,  and  nitrogen  derived  from  the 
water,  carbonic  acid,  and  ammonia  of  the  atmosphere; 
whilst  the  second  consists  in  the  further  elevation  of  a  portion 
Df  these  organic  compounds  to  the  rank  of  organized  tissue 
possessing  attributes  distinctively  vital.  Of  the  whole  amount 
of  organic  compounds  generated  by  the  plant,  it  is  but  a 
comparatively  small  part  (a)  that  undergoes  this  progressive 
metamorphosis  into  living  tissue.  Another  small  proportion 
(h)  undergoes  a  retrograde  metamorphosis,  by  which  the  orig- 
inal binaiy  components  are  reproduced ;  and  in  this  descent 
of  organic  compounds  to  tlie  lower   plane,  the  power  con- 
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guujcd  ia  their  elevation  la  given  fortU  io  the  form  of  licul 
ancl  orgoniziiig  force  (aa  is  spccioUj  scua  in  germinaiiDD), 
which  help  to  raise  the  portion  o  to  a  higher  level.  But  bv 
fiir  the  larger  purt  (c)  of  the  organic  corapounda  genoralcd 
by  pluntfl  remains  stored  up  in  their  fabric,  without  undergo- 
ing tey  further  elevation ;  and  it  is  at  the  expense  of  those, 
rather  than  of  the  actoal  li£sucB  of  plants,  that  the  life  of 
animals  is  sustained. 

^Vhun,  instead  of  yielding  np  any  portion  of  its  subsUinee 
for  the  suslenancQ  of  aninuUd,  the  entire  vegetable  organism 
undergoes  retrograde  metamorphosis,  it  not  only  gives  hack 
to  the  inorganic  world  the  binary  compounds  from  whirh  it 
derived  its  own  constiluenta,  bat  in  the  doacoat  of  the  several 
components  of  ita  fabric  Io  that  simple  conUilion — whether  by 
ordinary  combustion  (as  in  the  burning  of  coal)  or  by  alow 
decay — it  gives  out  the  cquivalenta  of  the  light  and  heat  by 
which  ihey  were  elevated  in  the  first  instance. 

In  applying  these  views  to  the  inlerprulation  of  the  jjhe 
1  of  animal  life,  we  find  ourselves,  at  the  coramem-o- 
f  our  inquiry,  on  a  higher  platform  (bo  to  speak)  than 
.  that  from  which  we  had  to  ascend  in  wutching  the  conatruc- 
\,  tive  processes  of  the  plant.  For,  whilst  the  plant  had  firel 
I  to  prepare  the  pubulum  for  its  developmental  operations,  the 
Animal  has  this  already  provided  for  It,  not  only  at  the  eor- 
t  phase  of  its  development,  but  during  the  whole  period 
'  of  tta  existence ;  and  all  its  manifestations  of  vital  activity 
[*  arc  dependent  upon  a  constant  and  adequalo  aupply  of  the 
I  «amu  pabuluTTi.  The  first  of  these  manifestations  is,  as  in  the 
T  plant,  the  building-up  of  the  organism  by  the  appropriation' 
I  jof  material  supplied  from  external  sources  imdcr  the  directive 
1  agency  of  the  germ.  The  ovum  of  the  animal,  like  the  seed 
I  of  the  plant,  contains  a  store  of  appropriate  nutriment  pro- 
I  vioualy  elaborated  by  the  parent ;  and  this  store  aullicca  for 
I  the  development  of  the  cmbrj-o,  up  to  the  period  at  which  it 
1  obtain  and  digest  alimentaty  materials  for  itself.     That 
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period  occurs,  in  ihe  different  tribes  of  animals,  at  veiy 
similar  stages  of  the  entire  developmental  process.  In  manjr 
of  the  lower  classes,  the  embryo  comes  forth  iBrom  the  egg, 
and  conmiences  its  independent  existence,  in  a  condition 
which,  as  compared  with  the  adult  form,  would  be  as  if  a 
human  embryo  were  to  be  thrown  upon  the  world  to  obtain 
its  own  subsistence  only  a  few  weeks  after  conception ;  and  its 
"Vidiole  subsequent  growth  and  development  takes  place  at  the 
expense  of  the  nutriment  which  it  ingests  for  itself. 

We  have  examples  of  this  in  the  class  of  insects,  many  of 
which  come  forth  firom  the  egg  in  the  state  of  extremely  simple 
and  minute  worms,  having  scarcely  any  power  of  movement, 
but  an  extraordinary  voracity.  The  eggs  having  been  depos- 
ited in  situations  fitted  to  afford  an  ample  supply  of  appropriate 
nutriment  (those  of  the  flesh-fly,  for  example,  being  laid  in 
carcases,  and  those  of  the  cabbage-butterfly  upon  a  cabbage- 
leaf),  each  larva  on  its  emersion  is  as  well  provided  with  ali- 
mentary material  as  if  it  had  been  furnished  with  a  large  8U]>- 
plemental  yolk  of  its  own ;  and  by  availing  itself  of  this,  it 
speedily  grows  to  many  hundred  or  even  many  thousand 
times  its  original  size,  without  making  any  considerable  ad- 
vance in  development.  But  having  thus  laid  up  in  its  tissues  a 
large  additional  store  of  material,  it  passes  into  a  state  which, 
BO  far  as  the  external  manifestations  of  life  are  concerned, 
is  one  of  toi'por,  but  which  is  really  one  of  great  develop- 
mental activity :  for  it  is  during  the  pupa  state  that  those  new 
parts  are  evolved,  which  are  characteristic  of  the  perfect  in- 
sect, and  of  which  scarcely  a  trace  was  discoverable  in  the 
larva ;  so  that  the  assumption  of  this  state  may  be  likened  in 
many  respects  to  a  rcGntrancc  of  the  larva  into  the  ovum. 
On  its  termination,  the  imago  or  perfect  insect  comes  forth 
complete  in  all  its  parts,  and  soon  manifests  the  locomotive 
and  sensorial  powers  by  which  it  is  specially  distinguished, 
and  of  which  tlie  extraordinary  predominance  seems  to  jus- 
tify our  regarding  insects  as  the  types  of  purely  animal  life. 


DEVELOFMEST   OF   IK8E0T8. 

Tlicrc  are  some  InRccta  wbosc  imago-life  has  but  a  very  short 
duratioa,  iLe  performunce  of  the  generative  act  being  npptu 
ently  the  only  objeet  of  Ihia  state  of  their  existence  :  and  each 
for  the  moBt  part  lako  ao  food  whatever  afler  their  final  ciaor- 
Bion,  their  vital  activity  being  maintaiDed,  for  the  abort  period 
it  cn<IarcB,  by  the  mntcrial  assimilated  during  tJieir  larva 
etate.*  But  those  whoec  period  of  activity  is  jirolongcd,  and 
npon  whose  ener^  there  are  extraordinary  demunda,  ore 
scarcely  less  voracious  in  their  imago  than  in  their  larva- 
condition  ;  the  food  they  cooBume  not  being  applied  to  the 
increaae  of  their  bodies,  which  grow  very  little  after  the  a«- 
samptioD  of  the  imago-stale,  but  chiefly  lo  their  maintenance  ; 
no  inconsiderable  portion  of  il,  however,  being  approprialcd 
in  the  female  to  ilie  production  of  ova,  the  entire  mass  of 
which  deposited  by  a  single  individual  is  sometimes  enormous. 
That  the  performanco  of  the  generative  act  involves  not 
merely  a  consomption  of  material,  but  a  special  e.\|>en(liture 
of  force,  appears  from  a  fact  to  be  presently  staled,  corrc- 
Bponding  to  that  already  noticed  in  regard  to  plants. 

Now  if  wo  look  for  the  source  of  the  various  forms  of 
vital  force — which  may  be  distinguished  as  construclive, 
Bcnaori-motor,  and  generative — that  are  manifested  in  the  dif- 
■  ferent  stages  of  the  life  of  an  insect,  we  find  tliem  lo  lie,  on 
tlie  one  hand,  in  the  heat  with  which  the  organism  in  sugt- 
pliod  tVom  external  source?,  and,  on  the  oilier,  in  the  food 
provided  for  it.  The  agency  of  heat,  as  the  moving  power 
of  the  eonttmctive  operations,  is  even  more  distinctly  shown 
in  ihe  dovehipment  of  the  larva  within  the  egg,  and  in  the 
development  of  the  imago  within  its  pupa-case,  tiian  it  ia  in 

*  It  U  not  ■  little  eurlons  that  in  the  tribe  of  Rolifrra,  or  Wbccl-ani- 
ulonlca,  ill  tbc  nulis  jct  iliscovereil  an)  entirely  diutituto  of  digtiiivu 
\  apparatus,  ud  oro  thus  Imspablc  of  Uhiiig  uiy  fouil  vbuti^Tcr ;  ao  ttiul  [nil 
odI;  Uu  nbole  of  tliuir  dc^dopmclit  iritluo  the  eg);,  but  the  nhole  tif  Ibcir 
•Mlve  llfi!  »fti.T  tbuir  eiucreiuu  rrom  It,  is  orriuJ  on  at  tlie  cil>enic  of  tlto 
More  of  jolk  proriiJcil  by  the  pareoL 
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the  germinatiiig  seed ;  ihe  rate  of  each  of  these  processes 
being  strictly  regulated  hy  the  temperature  to  which  the 
organism  is  subjected.  Thus  ova  which  are  ordinarily  not 
hatched  until  the  leaves  suitable  for  the  food  of  their  larvas 
have  been  put  forth,  may  be  made,  by  artificial  heat,  to  pro- 
duce a  brood  in  the  winter ;' whilst,  on  the  other  hand,  if  they 
be  kept  at  a  low  temperature,  their  hatching  may  be  retarded 
almost  indefinitely  without  the  destruction  of  their  vitality. 
The  same  is  true  of  the  pupa-state ;  and  it  it  remarkable  that 
during  the  latter  part  of  that  state,  in  which  the  developmental 
process  goes  on  with  extraordinary  rapidity,  there  is  in  cer- 
tain insects  a  special  provision  for  an  elevation  of  the  tem- 
perature of  the  embryo  by  a  process  resembling  incubation. 
Whether,  in  addition  to  the  heat  imparted  from  without,  there 
is  any  addition  of  force  developed  within  (as  in  the  germinat- 
ing seed)  by  the  return  of  a  part  of  the  organic  constituents 
of  the  food  to  the  condition  of  binary  compounds,  cannot  at 
present  be  stated  with  confidence :  the  probability  is,  how- 
ever, that  such  a  retrograde  metamorphosis  does  take  place, 
adequate  evidence  of  its  occurrence  during  the  incubation  of 
the  bird's  Qgg  being  afforded  by  the  liberation  of  carbonic 
acid,  which  is  there  found  to  be  an  essential  condition  of  the 
developmental  process.  During  the  larva-state  there  is  very 
little  power  of  maintaining  an  independent  temperature,  so 
that  the  sustenance  of  vital  activity  is  still  mainly  due  to 
the  heat  supplied  from  without.  But  in  the  active  state  of  the 
perfect  insect  there  is  a  production  of  heat  quite  comparable 
to  that  of  warm-blooded  animals  ;  and  this  is  effected  by  the 
retrograde  metamorphosis  of  certain  organic  constituents  of 
the  food,  of  which  we  find  the  expression  in  the  exhalation  of 
carbonic  acid  and  water.  Thus  the  food  of  animals  becomes 
an  internal  source  of  heat,  which  may  render  them  indei)end- 
ent  of  external  temperature. 

Further,  a  like  retrograde  metamorphosis  of  certain  con- 
stituents of  the  food  is  the  source  of  that  sensori-niotar  power 
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which  is  the  peculiar  characteTistic  of  the  animal  organism ; 
for  oa  the  one  band  the  dcmoBd  for  food,  on  the  other  (lie 
amount  of  metamorphosis  indicated  by  the  quantity  of  car- 
Iwnic  acid  exhaled,  bear  a  very  close  rclalion  to  tbo  quuntily 
of  that  power  which  is  put  forth.  This  relation  is  peculiarly 
manifest  in  insects,  since  their  conditions  of  activity  and  re- 
pose present  a  greater  contrast  in  their  respective  rates  of 
mctamorpbosiB,  than  do  those  of  any  other  anunals,  Of  the 
eicrciac  of  generative  force  we  have  no  similar  measure  ;  but 
that  it  is  only  a  special  mo(Ufication  of  ordinary  vital  activity 
appears  from  this  eircumatance,  that  the  life  of  those  insects 
which  ordinarily  die  very  soon  after  sejtual  congress  and  the 
depoeilJon  of  the  ova,  may  be  considerably  prolonged  if  the 
sexes  be  kept  apart  so  that  congress  cannot  take  place. 
Moreover,  it  has  bceh  shown  by  recent  inquiries  into  the 
ugamic  reproduction  of  insects  and  other  animals,  that  the 
process  of  generation  differs  far  less  from  tliose  reproductive 
aiis  which  must  be  referred  to  the  category  of  the  ordinary 
nutritive  processes,  than  hud  been  previously  supposed. 

Tlins,  then,  wo  find  that  in  the  animal  organism  the  de- 
mand for  food  has  reference  not  merely  to  its  use  as  a  male- 
rial  for  the  cooatruction  of  the  fabric ;  food  serves  also  as  a 
generator  o(  force;  and  this  force  may  be  of  various  kinds — 
beat  and  motor-power  being  the  principal  but  by  no  means 
(lie  only  modes  under  which  it  munifesta  itself.  We  shall 
now  inquire  what  there  is  peculiar  in  the  sources  of  the  vital 
force  which  animates  the  organisms  of  the  higher  animals  at 
different  stages  of  life. 

That  the  developmental  force  which  occasions  tbo  evolu- 
tion of  the  germ  in  the  higher  vcrtebrata  is  really  supplied 
by  the  heat  to  which  the  ovum  is  subjected,  may  be  regarded 
us  a  fact  established  beyond  all  qucstiou.  In  frogs  and 
other  arapliibia,  which  have  no  special  means  of  imparting  a 
high  ti-mperaluro  to  their  eggs,  the  rote  of  development  (wliich 
a  the  early  stages  can  be  readily  dol«tmIned  with  great  exact- 
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ness)  IB  ontirelj  governed  by  the  degree  of  warmtli  to  whi<± 
the  ovum  is  subjected.  But  in  serpents  there  is  a  peculiar 
proTision  for  supplying  beat ;  the  female  performing  a  kind 
of  incubation  upon  her  eggs,  and  generating  in  her  own  body 
a  temperature  much  above  that  of  the  surrounding  air.*  In 
birds,  the  developmental  process  can  only  be  maintained  by 
the  steady  application  of  external  warmth,  and  this  to  a  de- 
gree much  higher  than  that  which  is  needed  in  the  case  of 
cold-blooded  animals ;  and  we  may  nodce  two  results  of  this 
application  as  very  significant  of  the  dynamical  relation  be- 
tween heat  and  deyelopmental  force — ^first,  that  the  period 
required  for  the  evolution  of  the  germ  into  the  mature  embryo 
is  nearly  constant,  each  species  having  a  definite  period  of 
incubation — and  second,  that  the  grade  of  development  at- 
tained by  the  embryo  before  its  emersion  is  relatively  much 
higher  than  it  is  in  cold-blooded  vertebrata  generally ;  the 
only  instances  in  which  any  thing  like  the  same  stage  is  at- 
tained without  a  special  incubation,  being  those  in  which  (as 
in  the  turtle  and  crocodile)  the  eggs  are  hatched  under  the 
influence  of  a  high  external  temperature.  This  higher  devel- 
opment is  attained  at  the  expense  of  a  much  greater  consump- 
tion of  nutrient  material ;  the  store  laid  up  in  the  "  food  yolk" 
and  "  albumen"  of  the  bird's  cg^;,  being  many  times  greater 
in  proportion  to  the  size  of  the  animal  which  laid  it^  than  that 
contained  in  the  whole  egg  of  a  frog  or  a  fish.  There  is 
CA^dcnce  in  that  liberation  of  carbonic  acid  which  has  been 
ascertained  to  go  on  in  the  egg  (as  in  tlie  germinating  seed) 
daring  the  whole  of  the  developmental  process,  that  the  return 
of  a  portion  of  the  organic  substances  provided  for  the  Hiidte- 

*  In  the  Viper  the  ogf^  are  usually  retained  within  the  oviduet  until 
they  are  hatcheti.  In  the  Python,  which  rceently  went  through  the  procesa 
of  incubation  in  the  Zoological  Gardens,  the  eggs  were  imbedded  in  tlid 
coils  of  the  body ;  the  temperature  to  which  they  were  subjected  (as  ascor 
tained  by  a  thermometer  placed  in  the  midst  of  them)  averaging  90-^  F., 
whilst  that  of  the  cage  avenigcd  60^  F. 
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nanco  of  the  embryo,  to  the  condition  of  aimple  bimtr;  cocu' 
[loundg,  is  an  essential  CM^ndilion  of  tlic  piMcess  ;  and  aiLco  it 
can  scarcely  be  supposed  ibat  tbe  object  of  Ibis  metamor- 
pLodia  can  be  to  furnish  heat  (an  aiiipk  supply  of  tliat  force 
Iwing  aflbrdod  by  iho  body  of  the  parent),  it  acema  not  un- 
likely that  its  purpose  is  to  supply  a  force  that  concurs  with 
the  heat  received  from  without  in  nminttiiiiing  tbe  procoag  of 
organization. 

Tbe  development  of  the  embryo  wilhia  (be  body,  in  iLe 
mammalia,  imparts  to  it  a  steady  tcmperaluro  equivalent  to 
that  of  tbe  parent  itself;  and  In  all  aave  tbe  implacenlal  or- 
ders of  Ibis  class,  that  development  is  carried  still  ftirlber 
tliaii  in  birds,  tbe  Dew-l>om  mammal  being  yet  more  com- 
plete in  all  its  parts,  ond  its  size  bearing  a  larger  proportion 
to  tliat  of  its  porcut,  tlian  even  in  birds.  It  ia  doublteas  ow- 
ing ill  great  part  to  the  constancy  of  iho  temperiifurc  to  which 
the  embryo  ia  subjeeted,  tbut  its  rate  of  development  (aa 
sliown  by  the  fixed  term  of  ulero-gcatatiou)  ia  bo  uniform. 
The  supply  of  orgimizable  material  here  afforded  by  tbe  ovum 
itflelf  is  very  amoll,  aod  aallicea  only  for  tlie  very  earliest 
stage  of  tbe  constructive  process ;  but  a  special  proviaion  is 
very  soon  made  for  the  nutrition  of  the  embryo  by  materials 
directly  supplied  by  the  parent ;  and  the  imbibition  of  these 
takes  the  place,  during  the  whole  remainder  of  fcetal  life,  of 
the  appropriation  of  the  materials  supplied  in  tbe  bird'a  egg 
by  the  "food  yolk"  and  "albumen."  To  wbat  extent  a  retro- 
grade mot&morpboaifl  of  nutrient  material  lakes  place  in  the 
fcetal  mammal,  we  have  no  precise  means  of  determining ; 
since  tbe  products  of  tliat  metamorphoaia  are  probably  for  tlic 
moat  part  imparted  (through  the  placental  circulation)  to  tlio 
blood  of  the  moibor,  and  got  rid  of  thiftugb  her  excretory 
apparatus.  But  snlficiont  evidence  of  such  a  mcfamorphoais 
ia  alTorded  by  the  presence  of  urea  in  tlie  amniotic  fluid  and 
of  biliary  matter  in  the  intestines,  to  make  it  probable  Ibat  it 
.  lakes  place  not  less  actively  (to  say  the  luaat)  in  tbe  fcetal 
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mammal  than  it  does  in  the  chick  in  avo.  Indeed,  it  is  im- 
possible to  study  the  growth  of  any  of  the  higher  organisms — 
which  not  merely  consists  in  the  formation  of  new  parts,  but 
also  involves  a  vast  amount  of  interstitial  change — ^without 
perceiving  that  in  the  remodelling  which  is  incessantly  going 
on,  the  parts  first  formed  must  be  removed  to  make  way  for 
those  which  have  to  take  their  place.  And  such  removal  can 
scarcely  be  accomplished  without  a  retrograde  metamorphosis, 
which,  as  in  the  numerous  cases  already  referred  to,  may  be 
considered  with  great  probability  as  setting  fi^e  constructive 
force  to  be  applied  in  the  production  of  new  tissue. 

If,  now,  we  pass  on  from  the  intra-uterine  life  of  the 
mammalian  organism  to  that  period  of  its  existence  which 
intervenes  between  birth  and  maturity,  we  see  that  a  tempo- 
rary provision  is  made  in  the  acts  of  lactation  and  nursing 
for  affording  both  food  and  warmth  to  the  young  creature, 
which  is  at  first  incapable  of  adequately  providing  itself  with 
aliment,  or  of  resisting  external  cold  without  fostering  aid. 
And  we  notice  that  the  offspring  of  man  remains  longer  de- 
pendent upon  parental  care  than  that  of  any  other  mammal, 
in  accordance  with  the  higher  grade  of  development  to  be 
ultimately  attained.  But  when  the  period  of  infancy  has 
passed,  the  child,  adequately  supplied  with  food,  and  pro- 
tected by  the  clothing  which  makes  up  for  the  deficiency  of 
other  tegumentary  covering,  ought  to  be  able  to  maintain  its 
own  heat,  save  in  an  extremely  depressed  temperature ;  and 
this  it  does  by  the  metamorphosis  of  organic  substances,  partly 
derived  from  its  own  fabric,  and  partly  supplied  directly  by 
the  food,  into  binary  compounds.  During  the  whole  period 
of  growth  and  development,  we  find  the  producing  power  at 
its  highest  point ;  the  circulation  of  blood  being  more  rapid, 
and  the  amount  of  carbonic  acid  generated  and  thrown  off 
being  much  greater  in  proportion  to  the  bulk  of  tlie  body, 
tlian  at  any  subsequent  period  of  life.  Wc  find,  too,  in  the 
large  amount  of  other  excretions,  the  evidence  of  a  rapid 
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metamorphosis  of  tisBUc ;  aai  it  cao  hardly  bo  questioned  (if 
OUT  general  doctrines  bo  well  founded)  that  the  constructive 
forec  thut  operates  in  the  complctioD  of  the  fabric  will  be  de- 
rived in  p&n  from  the  heat  so  largely  gienerated  by  chemical 
change,  and  in  port  irom  the  descent  which  a  portion  of  tlie 
fabric  itself  is  continuaUy  making  from  the  higher  plane  of 
organized  tissue  to  the  lower  plane  of  dead  matter.  This 
high  measure  of  titol  activity  can  only  be  sustained  liy  an 
ani|)Ic  supply  of  food ;  which  thus  suppUcs  boih  materiai  for 
the  construction  of  the  organism,  and  the  force  by  whose 
agcnry  that  constmction  is  accomplished. 

How  completely  dependent  the  constructive  process  still  is 
upon  heat,  is  shown  by  the  phenomena  of  reparation  ia  cold- 
blooded animals ;  since  not  only  can  the  rate  at  which  they 
take  place  be  c>:perimcii tally  shown  to  bear  a  direct  relation 
to  the  temperature  to  which  these  animals  are  subjected,  but 
it  has  been  ascertained  that  any  extraordinary  act  of  repara- 
tion (such  as  tho  reproduction  of  u  hmh  in  the  salumnnder) 
will  only  bo  performed  under  the  influence  of  a  temperature 
much  higher  than  that  required  for  tho  maintenance  of  tha 
ordinary  vilat  activity.  After  the  maturity  of  the  organism  ^ 
has  been  attained,  there  is  no  longer  any  call  for  a  larger 
measure  of  constmctlTS  force  than  is  reqnired  for  llie  mainten- 
ance of  its  integrity ;  hut  there  seems  evidence  that  even  then 
the  rcquiretl  force  has  to  be  supplied  by  a  retrograde  meta- 
morphosis of  a  portion  of  tlte  constituents  of  the  food,  orcr  and 
above  that  which  serves  lo  generate  animal  heat.  For  it  has 
been  cxperimeutally  found  that,  in  the  ordinary  life  of  an  adult 
mommnt,  the  quantity  of  food  necessary  to  keep  tho  boilv  in 
its  normal  condition  is  noorly  twice  that  which  would  be  re- 
quired to  supply  the  "  waste  "  of  the  organism,  as  measured 
by  the  total  amount  of  em^ela  when  food  is  withheld ;  and 
hence  it  seems  almost  certain  that  the  descent  of  a  portion  of 
the  organic  consliluonts  of  this  food  to  tlie  lower  level  of  sim- 
ple binary  compounds   is  a  necessary  condition  of  the  ele- 
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vation  of  another  portion  to  the  state  of  living  organized 
tissue. 

The  conditions  of  animal  existence,  moreover,  involve  a 
constant  expenditure  of  motor  force  through  the  instmmenUil- 
ity  of  the  nervo-muscular  apparatus ;  and  the  exercise  of  the 
purely  psychical  -powers,  through  the  instruuicntalitj  of  the 
brain,  constitutes  a  further  expenditure  of  force,  oven  when 
no  bodily  exertion  is  made  as  its  result.  We  have  now  to 
consider  the  conditions  under  which  these  forces  are  devel- 
oped, and  the  sources  from  which  they  are  derived. 

The  doctrine  at  present  commonly  received  among  physi- 
ologists upon  these  points  may  be  stated  as  follows : — ^The 
functional  activity  of  the  nervous  and  muscular  apparatuses 
involves,  as  its  necessary  condition,  the  disintegration  of  their 
tissues ;  the  components  of  which,  uniting  with  the  oxygen 
of  the  blood,  enter  into  new  and  simpler  combinations,  which 
are  ultimately  eliminated  from  the  body  by  the  excretory  oper- 
ations. In  such  a  retrograde  metamorphosis  of  tissue,  we 
have  two  sources  of  the  liberation  of  force : — first,  its  descent 
from  tlic  condition  of  living,  to  that  of  dead  matter,  involving 
a  liberation  of  that  force  which  was  onginally  concerned  in 
its  organization  ;* — and  second,  the  further  descent  of  its 
complex  organic  components  to  the  lower  plane  of  simple 
binary  compounds.  If  we  trace  back  these  forces  to  their 
proximate  source,  we  find  both  of  them  in  the  food  at  the 

»  It  was  by  Liebig  ("Animal  Chemistry,"  1842)  that  the  doetrine  was 
first  distiuctly  promulgated  which  had  been  already  more  vaguely  affirmed 
by  various  Physiologists,  that  every  production  of  motion  by  an  Animal 
involves  a  proportional  disintegration  of  muscular  substance.  But  he  seems 
to  have  regarded  the  motor  force  produced  as  the  exjiression  only  of  the 
vital  force  by  which  the  tissue  was  ])reviously  anunated  ;  and  to  have  look:-! 
jpoii  its  didintegratiou  by  oxyj^cnntion  as  eimi)ly  a  conricfiuence  of  ito  dt-atk 
The  doctrine  of  the  "  Correlation  of  Forces  "  beiuj;  at  that  time  undevel- 
oped, he  was  not  prepared  to  recognize  a  source  of  motor  iH)wcr  in  the  ulte- 
rior chemical  changes  which  the  substance  of  the  muscle  undergoes ;  but 
Bcems  to  have  regarded  them  as  only  concerned  in  the  production  of  heat 
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expense  of  whicli  the  animal  organism  is  constructed ;  for 
besides  supplying  tUe  material  of  llie  tissues,  a  porlioa  of 
tliat  food  (as  already  shown.)  becomes  tbu  source,  iu  its  retro* 
grade  melamorphosis,  of  tbc  production  of  llic  beat  wbicb 
supplies  lie  coustracUvo  power,  whilst  another  portion  may 
afford,  by  a  like  descent,  a  yet  more  direct  supply  of  organ- 
izing force.  Aud  thus  wc  find  in  the  action  of  Molar  light 
and  heat  upon  plants — whereby  they  are  enabled  not  morely 
to  extend  tliemsclves  almost  without  limit,  but  also  to  acca- 
mulale  in  their  substance  a  store  of  organic  compounds  for 
llio  consumption  of  animals — the  nUiraate  source  not  only  of 
llie  materials  required  by  aniraab  for  their  nutrition,  but  also 
of  the  forces  of  various  kinds  which  these  exert. 

Recent  investigations  hare  rendered  it  doubtful,  however, 
whether  tho  doctrine  that  every  exertion  of  the  funclional 
power  of  the  nervo-muscular  apparatus  involves  the  disinte- 
gration of  a  certain  equivalent  amount  of  tissue,  really  ex- 
presses the  whole  truth.  It  has  beeu  miiiataiucd,  on  tlic  basis 
of  carefully-condncled  esperimenls,  in  tho  first  place,  that  the 
amount  of  work  done  by  an  animal  may  be  greater  than  can 
be  accounted  for  by  llie  ultimate  metamorphosis  of  tho  azo- 
tiitcd  constituents  of  its  food,  tlieir  mechanical  equivalent 
being  estimated  by  the  beat  producible  by  the  combustion  of 
the  carbon  and  oxygeu  which  they  contain  ;•  and  secondly, 
that  whilst  there  is  not  a  constant  relation  (as  alHrmed  by 
Liobig)  between  the  amount  of  motor  force  produced  and  tho 
omoont  of  disintegration  of  muscular  tissue  represented  by 
the  appearance  of  area  in  the  urine,  such  a  couslant  relation 
does  exist  between  tho  development  of  motor  force  and  tho 
increase  of  carbonic  acid  in  the  expired  air,  as  shows  lliat 
between  these  two  phenomena  there  is  a  most  intimate  rela- 

.  ■  Tills  view  Ui3  been  ctpresscd  to  the  aritlior  by  two  very  Wgi  ftiithor- 
itlM,  Prof.  Qclmiialtz  and  Prof.  WUliun  Tlioiur^oii,  indcpcDclcnlJ;  of  eii^h 
other,  as  in  klmoat  accessary  inTurenco  Irom  tlic  data  furaulicd  by  tlia 
te  of  Dr.  JouIg, 
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tionship.*  And  the  concurrence  of  these  independent  indica- 
tions seems  to  justify  the  inference  that  motor  force  maj  he 
developed,  like  heat,  hj  the  metamorphosis  of  constituents 
of  food  which^are  not  converted  into  living  tissue  ; — an  infer- 
ence which  so  fully  harmonizes  with  the  doctrine  of  the  direct 
convertibility  of  these  two  forces,  now  established  as  one  of 
the  surest  results  of  physical  investigation,  as  to  have  in  itself 
no  inherent  improbability.  Of  the  conditions  which  deter- 
mine the  generation  of  motor  force,  on  the  one  hand,  from  the 
disintegration  of  muscular  tissue,  on  the  other  from  the  meta- 
morphosis of  the  components  of  the  food,  nothing  definite  can 
at  present  be  stated ;  but  we  seem  to  have  a  typical  example 
of  the  former  in  the  parturient  action  of  the  uterus,  whose 
muscular  substance,  built  up  for  this  one  effort,  forthwith 
undergoes  a  rapid  retrograde  metamorphosis ;  whilst  it  can 
scarcely  be  regarded  as  improbable  that  the  constant  activity 
of  the  heart  and  of  the  respiratory  muscles,  which  gives 
them  no  opportunity  of  renovation  by  rest,  is  sustained  not  so 
much  by  the  continual  renewal  of  their  substance  (of  which 
renewal  there  is  no  histological  evidence  whatever)  as  by  a 
metamorphosis  of  matters  external  to  themselves,  supplying 
a  force  which  is  manifested  through  their  instrumentality. 

To  sum  up :  The  life  of  man,  or  of  any  of  the  higher 
animals,  essentially  consists  in  the  manifestation  of  forces 
of  various  kinds,  of  which  the  organism  is  the  instrument ; 
and  these  forces  are  developed  by  the  retrograde  metamor- 
phosis of  the  organic  compounds  generated  by  the  instru- 
mentality of  the  plant,  whereby  they  ultimately  return  to  the 
simple  binary  forms  (water,  carbonic  acid,  and  ammonia), 
which  serve  as  the  essential  food  of  vegetables.  Of  these 
organic   compounds,  one   portion  (a)  is  converted   into  the 

*  On  these  last  points  reference  is  especially  made  to  the  recent  experi- 
ments of  Dr.  Edward  Smith. 
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snbatanee  of  the  living  body,  by  a  conBtnictivo  force  whicli 
(in  so  far  aa  it  ia  not  supplied  by  the  direct  agency  of  external 
heat)  is  developed  by  tlie  retrograde  melamorphoBis  of  another 
portion  (A)  of  the  food.  And  whilst  the  ultimate  descent  of 
the  first-named  portion  (a)  to  the  simple  condition  Irom  which 
it  was  originally  draivo,  becomes  one  source  of  the  peculiarly 
aoinial  powers — the  psychical  and  the  mo(o r— exerted  by  the 
organism,  another  Bom-ce  of  these  may  bo  found  in  &  like 
melamorphoais  of  a  further  portion  (e)  of  Iho  food  which  has 
never  been  converted  into  living  tiBsao. 

Thus,  during  the  whole  life  of  the  animal,  the  organism 
is  restoring  to  the  world  around  both  the  malcria^  and  the 
forces  which  it  draws  from  it ;  and  oficr  its  death  this  resto- 
ration is  completed,  as  in  plants,  by  the  final  decomposition 
of  its  substance.  But  there  is  this  marked  contrast  between 
the  two  kingdoms  of  organic  nature  in  their  material  and 
dynamical  relations  to  the  inorganic  world — that  whilst  the 
Tcgelable  is  constantly  engaged  (so  (o  speak)  in  raising  its 
component  materials  &om  a  lower  plane  to  the  higher,  by 
means  of  the  power  which  it  draws  from  the  solar  rays,  tlie 
animal,  whilst  raising  one  portion  of  theeo  to  a  sliU  higher 
level  by  the  descent  of  another  portion  to  a  lower,  ultimately 
lela  down  the  whole  of  what  the  plant  had  raised ;  in  so 
doing,  however,  giving  back  to  the  universe,  in  the  form  of 
heat  and  motion,  the  equivalent  of  the  light  and  heat  which 
Uiu  plant  had  taken  from  it. 
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"  Dr.  Mandsle;  bus  hud  (bo  courags  to  undcrtaki,  and  tho  skill  to  ei»- 
cate,  wbut  ii,  at  Icait  in  Eugliab,  an  origiaal  enlerprinc.  Ris  book  u  a 
manual  of  mcptal  Bcieone  ia  all  its  porta,  embrneing  nil  tbnt  is  knoim  in 
Ibe  ciUting  itale  of  pbj-aialog;.  There  bas,  indeed,  been  more  tbaa  on« 
attempt  to  iDclndc  aomutbia);  or  pb^aintogiciil  obaerratiai)  in  Ibc  ioTcati- 
gatioB  of  nmntnl  pheooniena.  Dr.  AbercrombiB,  Profesaor  Bain,  and  Jtr. 
Qerbcrt  Spencer  must  have  tlic  credit  whicb  is  due  to  tbogo  who  hare  led 
the  waj  io  giving  tbia  directioD  la  mental  eciencc.  The  revolution,  for  it 
ia  nothing  Icaa,  which  bos  taken  place  in  thiB  part  of  knowledge,  traa  begun 
bj  the  psjehologista  tbcmaelvea.  But  it  required  a  profesaional  pbjsiolo- 
giat  to  groap  all  the  phenomena  of  the  nerroua  eyslem,  ita  normal  and 
abDormal  conilitiuna,  ia  oae  Tien",  and  to  treat  them  exclusiTclj-  oo  tbe 
baiia  of  obacrred  facta.  Man;  and  tnluablo  books  have  been  written  b; 
Engliah  pb^aiciana  on  inaanil;,  idiocy,  and  all  tLe  forma  of  mental  abflTT&- 
liou.  But  derangement  had  itnaj!!  been  treated  u  a  diAinct  aubject, 
and  Ihoruforo  ompirioally.  That  tbe  phenomeua  uf  nonnd  and  of  unsound 
mind  are  notmatten  of  distinct  iniettigation,  but  inaeparable  parts  of  one 
nod  Iho  »mo  inqairy ,  aecma  a  truism  as  soon  as  alatod.  But,  atrange  to 
■ay,  tbey  bad  alwaja  beon  pursued  scparatelf,  and  been  in  tbe  hands  of 
two  distinct  cluses  of  inrestigalors.  The  togiciaus  and  melapbj-siciaua 
occaaionallir  borrowed  a  stray  bet  from  the  abundant  cases  compiled  by 
the  medical  authorities;  bnt  the  physician,  on  tbe  other  hand,  bad  do 
theoretical  clow  to  bis  obserrstiona  bejond  s  smaltcring  of  dogmatic  pay. 
ehology  learned  ateollcgo.  To  effect  a  reooneiUalion  between  the  psychol- 
ogy and  the  pathology  of  mind,  or  rather  to  conslract  a  bssia  for  both  In  a 
ecnmoD  science,  is  the  aim  of  Dr.  Maudsloy's  book." 
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IX.  State  Tamperings  with  Money  and  Banks. 
X  Reform ;  the  Dangers  and  the  Safeguards. 


**  These  Es^ys  form  a  new,  and  if  we  are  not  mistaken,  a  most  popular  lostallmeBt 
«f  the  Intellectoal  benefiactions  of  Uiat  earnest  writer  and  profoond  philosopher,  Her^ 
bert  Spencer.  There  Is  a  remarkable  onion  of  the  speculative  and  practical  in  these 
papers.  They  are  the  fruit  of  studios  alike  economical  and  psychological;  they  touch 
the  problems  of  the  passing  hour,  and  they  grasp  truths  of  universal  application ;  thej 
will  be  found  as  instnictlTe  to  the  general  reader  as  interesting  to  ];>olitical  and  social 
itudentSb^— J3a«/<m  TramAcript, 

*  These  Essays  exhibit  on  a;most  eyery  page  the  powers  of  an  independent  huxnaiH 
itarian  thinker.  Mr.  Spencer's  ethics  are  rigid,  his  political  views  liberalistic,  and  hu 
aim  is  the  production  of  the  highest  earthly  fgfifA^-'MtikodUt  Quarterly  RevUvf. 

**  It  abounds  iii  the  results  of  the  sharp  observation,  the  wide  reach  of  knowledge, 
and  the  capacity  to  write  clearly,  forcibly,  and  pointedly,  fbr  which  this  writer  is  pre> 
eminent  The  subjects  are  aU  such  as  concern  us  most  intimately,  and  they  are  treated 
with  admirable  tact  and  knowledge.  The  llrst  essay  on  the  Philosophy  of  Style  is 
worth  the  cost  of  the  volume ;  it  would  be  »  deed  of  chari^  to  print  it  by  itself  and 
•end  it  to  the  editor  of  every  newspaper  in  the  land.**— JTeto  Englander. 

^Spencor  is  continually  gaining  ground  with  Americans;  he  makes  a  book  fbr  our 
more  serious  moods.  Uis  remarks  upon  legislation,  upon  the  nature  of  political  Insti- 
tutions and  of  then*  ftmdamental  principles;  his  elucidation  of  those  foundation  truths 
which  control  the  policy  of  government,  are  of  peculiar  value  to  the  American  stu- 
A&aV*—Bo9Um  Pott 

**  This  volume  will  receive  the  applause  of  every  serious  reader  lor  the  profbnnd 
earnestness  and  thoroughness  with  which  its  views  are  elaborated,  the  infinite  scientifle 
knowledge  brought  to  bear  on  every  question,  and  the  acute  and  subtle  thinking  dis- 
played In  every  chapter."— JV.  W.  Christian  Advocate. 

**Amore  instructive,  suggestive,  and  stlmnlatiug  volume  has  not  reached  us  in  a 
301  time.*'— P»<»Wt/ /-nee  Journal, 


H'trU  y  JUritri  Sjmu:cr  putUiAnl »;,  D.  AppUha  &  ft 
A   KEW  SYSTEM  OF  PHILOSOPHY. 

PKESrCrPLES  OF  BIOLOGY. 

Thia  work  LB  DOW  in  course  of  publicalion  in  qnortcrly  munburB  (trom  80 
(D  103  pagw  cttcb),  bj  Buliscription,  at  |3  per  aunuu;.  It  Is  to  rom  tvo  voV 
ODiat,  of  nbich  the  Grat  is  nearly  completed,  four  Qmnbcra  hnriag  tiecu 
Uaucd.  While  it  comprises  a  statement  of  dioso  general  prindplus  and  Invta 
of  UTu  to  vbicb  sdcnce  hia  attained.  It  lb  atMnped  with  a  marked  originalityi 
both  In  tlie  views  propomidoJ  and  in  the  moiliod  of  treaiJng  tlie  subject.  It 
will  Lk.'  a  stiLudiLnl  and  LnTuliuil>lQ  nork.  Some  idea  of  Lho  diseusslon  muj 
be  formed  by  glanciug  over  a  fcir  of  the  flrat  chapter  hendinEB, 

Fabt  Finsr, — Data  or  Bioloqt. 

1.  Or^sme  Hatter-,  IL  The  octiooa  of  Forces  on  Organic  Untter;  m 
The  Ruaelions  of  Organic  Malliir  on  Forces;  IV,  FrDsimatc  DeGiiitioa  of 
life;  V,  The  Corrcipaudence  between  Life  and  Its  CiivumBtsiJcesi  VL  Tbo 
DegroD  of  Uf«  VaricB  with  the  D^rec  of  Ojir^pondencc;  VII  Scope  of 
Uidlogy. 

r.niT  StcoicD,— LrancTiom  tw  B:ow)or. 
L  GravtUi;  11.  Development;   IlL   FunctioQ;   IV.  Wa^ito  and  Itepulr; 
V.  Ailapluliaui    VI.   IndiTitiuaiitf  i   VU,   Oenesls;   VIU,   ncrvdllj;    IX. 
TiirliUioTi;   %.   GeDcaia,  HorctUty,  and  Varialian;   XL  Ousalficalioni   XIL 

Dioiributlou, 

Ur.  SpuDwr  ia  eijiLally  remarkable  for  his  scarcli  aflcr  first  prinaplea ; 
Ibr  his  aiTuto  atlcniplii  to  decompose  meutul  pbcnomcna  into  ihdr  primary 
eletnoDla ;  and  foi  his  broad  gcnemliialiuna  of  mental  activity,  mind  in  eonr 
Dcolloo  with  instinct,  and  all  the  ooalogica  prcecnied  by  Vife  in  iu  unlTenBl 
■(pccta, — i/ci£<»-OUrwyiW  Rraem, 


Wtdsi  of  HerheH  ^peneet  pvAMthedb^  On 


ESSAYS: 


MORAL   POLITICAL,  AND  ESTHETIC. 

In  cme  Volune.  lArge  ISmo. 

OOKTENTS: 

L  The  Philosophy  of  Style. 

n.  Orer-Legjslatioii. 

m.  Morals  of  Trade. 

IV.  Persoiud  Beaaty. 

y.  RcpresentatiTe  GoTemment. 

VL  Priflon-Ethioa. 

Vn.  Railway  Morals  and  Railway  Policy. 

VnL  GraocAilness. 

IX.  State  Tampcrings  with  Money  and  Banks. 

X.  Reform ;  the  Dangers  and  the  SafK^goards. 

SOCIAL   STATICS; 

OR, 

THE  CONDITIONS  ESSENTIAL  TO  HUMAN  HAPPINESS 
SPECIFIED,  AND  THE  FIRST  OF  THEM 

DEVELOPED. 

• 

In  one  Volnme.   Tatxge  12nLO. 

All  thcM  works  are  rich  In  materials  for  forming  Intelligent  opinions,  even  wh€C« 
we  are  unable  to  agree  with  those  put  forth  by  the  anthor.  Much  may  be  learned  frooi 
them  In  departments  in  which  onr  common  Edaoational  system  la  very  deficient.  Tb« 
active  citizen  may  dorlTO  firom  them  accurate  systematized  Information  conoomlng  hli 
hlghe&t  duties  to  sodety,  and  the  principles  on  which  they  are  based.  He  may  gain 
dearer  notions  of  the  value  and  bearing  of  evidence,  and  be  better  able  to  dlstingoitfb 
between  iocta  and  inferences.  lie  may  find  common  things  sugge^ve  of  wiser  thought 
—nay,  we  will  venture  to  say  of  truer  emotion — ^than  before.  By  giving  us  ftillor  rtoli- 
lations  of  liberty  and  Justice  his  writings  will  tend  to  increase  onr  self-rcUxmoe  In  th^i 
great  emei^gcncy  <tf  civilization  to  which  we  have  been  summoned.— ^/^n^  MonUUy, 


Wertt  ^  StrbirC  S/taetr  paiUtlnd  bg  J).  Appltionit  Ol, 
TJie  PhOoaophy  of  Herbert  Spoicer. 


fr 


FIKST    PRINCIPLES; 

XV  TWO  FASTS.- 
I.  THE  USENOWAELR    n.  LAWS  OF  THE  KNOWABLB. 

In  ouo  Volume.    618  pagea. 


'Ur.  8|iaiFvrtiiu  Firneil  in  cmlnisiit  lod  oamnumdlDE  pOBiLlan  u  s  mctBiabyiia 
b.<  bit  nbllll;.  enmnilnFU,  and  pnriudJtf,  ■»  la  nana  ot  hU  fgnaer  rolunH  » ■ 
tftwai  u  la  lhl>.  Then  1b  Dot  ■  train  Uuni^hl,  ■  Sipjiiiiit  lllag,  nr  na  Imntrat 
ilB-MtloQ  In  tbli  book.  votwlibBlutdlng  thit  It  haa  aumithlng  of  tha  ebtfactar  • 
dolag  ud  daUrmlDod  raid  D]ns  Uis  did  phUatophlea."— f7AJ«a||a  JOtmai, 


-  Tlila  loldDia,  trtatlJg  of  rirat  Prizidplea,  111 


,11  Mr.  &i>eficer'H  ■ 


ingi  Hal  hsTO 


nl,DDUlD 


rsr  mark  Uia  tnio  pUlloKplilol  iplrlt.    IlLa 

and  napHnrul,  and  bla  «iiR«Ui>ni  aiul 

I  u  la  dsKmi.u  (bay  vlU  mnipul,  Lbfl  aoRKiglallaDlloii  of  all 

oTHnt  tnOi.    AgnclDs  "^th  ilamllioa  and  Manasl  In  (hn  Kene- 

of  lhag]ieimilIiloDcd,1ia  oereiibalcai  hold!  Uut  tlulc  Ndng 

u  in  a  lorm  ataensa  d;  amcioDuieu,"—Chri*IUni  AdMtale. 

"  Tb<  lltcni?  irorld  bu  mo  bat  Tev  aticb  antbon  u  Ilaibert  Spim«r.  Then  hav* 
been  motaphj-alcal  Hriim  In  (ha  aaiiie  nulted  ipliers  irho  bofltn  him  bave  Ulempud 
londow  the  lawi  of  nature  to  a  miloiial  ajBtom.  Bat  Inlbo  hl^bcat  nalra  of  phllo- 
•opbleal  iDTHtlgatloD  bn  Blvjda  bead  and  oboolddn  abotn  bla  pradflDUBOTB ;  aat  porhapa 
poTBlj  bj  force  of  aaperlor  Intdlgot^  bat  partlj  oirlng  to  the  preatet  aid  vblch  tbe 
VghtBT  modem  acleooe  buiBRdgd  bin  in  tbs  pnMOcatlim  of  bl>  dMcult  talk.'— 


evidence  that  our  peoplo  vc  not  aii  abHirbwl     ' 
J<mr*aL 

'Hi.  SpcaoBT'a wort:!  Tin  iisdodbtodlj  rooelve  Inlhla  annti]>  tbo  attnaClDn  Ibej 
oerit.  TbeH  [a  a  broad  libentltj  of  toDo  tbrouEhout  wUob  irlll  reeoffimqad  tbflm  (a 
Ibioltlng,  InqolrlDg  Amtrlfaaa.  Whethiv,  aa  la  aeaertfd,  be  bae  oilabllihed  a  ne<f  aj^ 
Ipm  tit  pblloeopby.  and  If  ao.  whetbtr  that  if  stcfa  le  better  than  all  olbor  a^ atema.  la 
ftl  lo  ba  dechlodi  bat  tliat  fata  boM  and  YtgDmiia  thouebt  irlll  add  aometHnff  taloable 
asd  permanent  to  bonian  knowledge  la  nndenLable." — UHoa  Herald- 

"Itabnt  Bpcnoer  li  Iba  roremoM  among  llring  tUiksn.  If  laat  aradlla  thai 
Uaoillloii,  hs  19  qnlte  >*  odcUial,  and  la  motv  comprebeulte  aad  eaUudle  than  llaB> 
Bal.''~  DntvtriiHn. 


Wmit  of  JItritri  ^mutrjmttUial  bg  D.  Aff^oi^  ±  Ck 
A  NEW  BTSTEU  OF  PH1L080FHT. 

FIRST   PRINCIPLES. 

*.  T^   Lusa  12IILO.   8U  Pmw.   Prlos  »S  OO. 


Put  Fmn.— 7Kf  UtJaamabU. 
^'ukpta  1.   Bdi^OD  and  Sdence;   IL  Cltiniate  Bdigkna  fdeu;    ni, 
tJllimale  BdcnUfle  IdMi;  W.  Tb«  Bdatin^  of  til  Knowledge;  V.  Hm 
BrooQdlUtioii. 

Put  8K0HD— I<nci  of  lb  KnomHt. 

L  Lam  in  Ocoeta);  n.  Tlie  Lair  of  Brointion;  m.  The  saine  cco- 
tinu«0 ;  IV.  The  Cbiucs  of  Eiolation ;  T.  Space,  Time,  Uttlcr,  Motion,  and 
Force;  VL  ThelndcstmcUUIityof  iUttcr;  VC  The  ContinuiiT  of  Motion; 
TIIL  The  PcTEiMcncc  of  Force;  DC  The  Corrclntioo  uul  Eqninloncc  of 
Forcts;  X  The  DirccUon  of  Uation ;  XL  The  Rhjtlun  of  Motion ;  XII.  The 
Conditiana  EaeeotuI  lo  Eiolution;  £I1L  The  Instabilit;  of  the  Ucmioge- 
tuKxiB;  XIT.  Tho  MulUpUcatioD  of  ElfecU;  SV.  Diffvrctitialion  uoij  Id(«. 
gralion ;  XYI.  Equilibration ;  XTIL  Sommai;  and  Gnicliuion. 

In  the  Brat  part  of  this  irorlc  Ur.  Bpenccr  dcfinci  the  proTinrt,  Uniit^  and 
rclationi  of  religion  and  aciaice,  and  dclcmdnca  the  legitimate  Ecopc  of 
pliilosophj. 

In  put  second  he  unfolds  tboec  fundamental  prindplm  vMch  have  bctn 
artircd  al  irilhlD  the  Bphcre  of  the  knoirahle ;  which  vc  true  of  all  onlera 
of  phenoDcma,  and  thus  constitute  the  foundation  of  all  philoaophr.  Ilia 
law  of  Ecolution,  Mr.  Spencer  maintains  lo  be  unireisal,  and  he  hii  tier* 
worked  it  out  as  the  basia  of  his  ifStem. 

These  First  Principles  are  the  founihiiion  of  a  pvstcra  of  Philojophy 
bolder,  more  elaborate,  and  eomprchenaire  perhaps,  than  any  other  which 
nas  been  hitherto  dcsii^eii  in  England. — BriiiA  Quaritrlg  Jievint. 

A  work  lofty  in  aim  and  remarkable  in  ciecution. — ConhJU  Magazine^ 

In  the  work*  of  Herbert  Spencer  we  liaTc  the  mdiroenta  of  a  pruilire 
Theoltf^,  and  an  inunense  elep  towanl  the  perfection  of  the  Ecience  of  IVt. 
ehrfog)'. — CAriiUim  EaBniner. 

If  we  mistake  not,  in  epilc  of  the  icrj  negatlTe  character  of  hi*  own  ro- 
-:  arjuncntfl  fur  the  doctrine  of  >  pan- 


■alls,  be  has  foreshadowed  eome  strong  argi 
Ure  Christian  Theology.— jVew  Jinglander. 
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